-1- . 2179222 | MAGE- DATA REDUCTI ON TECHNI QUE This invention relates to a
techni que for reducing image data and, nore par if?l:&l-’,i’;y,c:o to a foveated
el ectroni c-canera which may be operated automat Fcal’ly~5-* and/ or

seni -automatically. A related invention is describéd:and clainmed in our

co-pending British applicati onMACESHRA4AS REDSTEI X Prd wgal ly controlled
systens (such as surveill anmmmﬁvm,—mﬁo%@??wem, 10 -
target tracking systens, etc.) often require the signal processing of (
vi sual -i nformation i nage Thipl tnvenltdomoirel atedecto i techmiguet fior
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provi de a high teonic spamerf whishumaih ke gprerated autemabicatly of

view, an exstrer@id/df demiaReomaticanaAsy .PixKet&lded eppvéRtion Hovever, it
I's not practical to process _such a |ar.ge nunber of inmage pixels. One way of
over com ng t hi 995951 ead(BRYI 6}ad ™y oY HTREN ’e?‘g) is to provide a
rel atively higBrsifeishl appkibtation No.@e0D4&84 on of the field of view of

Felatively fow spati a1 GOfSFPE ahBsERRcdrYy Rntiebled Eysyale Mut
the i mager (thaspaupreillance televdsion qamgrase xshotic sYEEeMEr with
the contrglg ed YNGR NEr 86k1RG SPBERIS! 0 dtd U d Mers NFd il rd Okl Oé'i?xfmalm :
Lra%? OFI?IHQH wthin al wcresoigggg1rwalpn of the 1ma r_int hg F 1
gh-resol uti oPHRIAFLRI heViRRFer 1PHATE ?ﬁﬁ%ﬂﬂg?mﬁPWéikﬁhls Ge-Qha
hib's h;aa\(jlvh itghob&ﬁn:\(gﬁgﬁgbf magegpgbgumFMmﬁm %ﬂl‘fxéil:s/)aatmrbé nprecessead
i S sual 1 edereadh BopE GROERE R1de of Vhd BRI OF VG S£7eEUndge (-
reduce the nunteand dthe nspatpakeresodubdon erfesthal imsge. whin cor¥deni tong the
S bt ] CHOrER N R BRI St oo oy e o
vi ew, nost large field of Vview, an extremely large number of image
pizels is required. However, it is not practical to
process such a large number of image pixels.
_ One way of overcoming this problem (employed by
20 the human eye) is to provide a relatively high spatial
resolution in one region of the field of view of the
imager (the centrally-located fovea of the retina of the
eye) and a relatively low spatial resolution in another
region of the field of view of the imager (the periphery
25 of the retina of the eye) -- together with the controlled
& movement of the imager to bring the spatial portion of an (:“
image originally within a low-resolution region of the
imager into the high~-resolution region of the imager.
Thus, a person may move his eye and his head to observe
30 with high resolution in the fovea an image of an object
which was originally observed with low resolution near the
edge of his visual field.
The purpose of the present invention is also to
greatly reduce the number of image pixels to be processed,
35 while retaining the ability to observe objects with high
spatial resolution, which imaged objects can originally
fall anywhere within a relatively wide field qf view, most



22- of which has onIy a | ow resolution capability. However, the
i mage-reduction techni que enpl.oyed by the présent . |nvent|on S
substantially different fron1that enpl oyed by the human eye. 5
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| ar ger tha t he OMFS a |aI-reso Ion derive e repr
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represented by thigGReR} fﬁw%maw;d@@omgf&z magenﬁaviﬁe af g@vearrber

of pixels that isgs equal_to or |ess than the t
but i-s larger t Harekdno LoEiam hate FORFRRRON rs oﬁ%gefh%f oﬂfpgg 5#§885

3i gnal dl s then frepredented aopethé mr&ﬁht vwwesigmhunthe phagexel s of the
LT oy (e e
of no greater nwibher sHcqdkedivemnunber sref,cmmglsesmbhgz;rthan the flrst
given number, and (2) at least ‘'one other video 51gna1
representing a derived image having the given
field-of-view, the image represented by the one other
20 output video signal exhibiting a resolution equal to or
less than the relatively high-spétial-resolution image
represented by the input video signal but larger than the
relatively low-spatial-resolution derived image
~  represented by the certain output'video signal. In
25 addition, the derived image represented by this one other
output video signal is comprised of a number of pixels
~ that is eqﬁal to or less than the first given number of
pixels but is larger than the second given number. This
one other output video signal is then further processed to
30 reduce the number of pixels of the derived image
| represented theréby by passing a spatially-localized
subset of pixels thereof thrbugh a spatial window, wherein
the subset is comprised'of no greater number of pixels
than the second given number. |



-3- In the Drawing: FIGURE 1 is a functional block diagramof a system that

enpl oys a foveated automatic el eétronic CaAera i ncorporating an inage-data -

reducti on nmeans of the present 5 invention; FIGURE 2 is a functional block
diagramof a first illustrative enbodi ment of the image-reduction neans of

FI GURE 1; FlI GUHE €Rei prawingeti onal bl ock diagramof a 10 second
nbodl nent ot %

illustrative e

is a functional block diagramof a first preferred enbodi nent of the
spatial frequency spect r BiGURE| ¥zds ef fENGURBENa1 block diagram ofl @JRE 3a

Is a function k éﬁﬁ] s2aS fe
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i|lustrates tHE“%@EP%EFBhntaPhbméﬁﬁrﬂéﬁﬁyrﬁé@&ﬁﬂ@nwmﬁé@ﬁs Hﬁﬁﬁﬁﬂﬁ
20 i nverg i oninwestfbRE 5 diagramatically illustrates the rel ative

resolution and field of ¥t§ 2each OEunc% ectiv%%%u ectra boﬁﬁ | mages .

derived at the output of

ona

21878 fctiona

bl ock d|agran1£drsttﬁlldstratsveaEmbedembn¢|uihthefimhga-maﬂactmtnﬂmeuns
nmeans of Fl GU%l% WRE 6a is a functional block diagramof a fourth
illustrative e } f the |na e-reduction 30 neans of FIGURE 1;

FI GURE 7 di agramati cal | yFEGURE 2aelsypefbnctl9naﬂ bﬂopkaﬁlcutaﬂnam(a

enpl oyin dhe
Fi GURES
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spective al ternati anples o the

VI DEO SIGNAL SGUH@E.G FIGURE &ifor providing the digitized video signal to
be processed thereby; anF‘IGURE 3 is a functional block diagram of a

15

20

25

first preferred embodlment of the spatial frequency QJ
spectrum analyzer of FIGURE 2; '
FIGURE 3a is a funct10na1 block diagram of a
second preferred embodiment of_the spat1al frequency
spectrum analyzer of FIGURE 2;
FIGURE 4 diagramatically illustrates the
operation of the spatially movable windows of the present
invention; and -
FIGURE 5 diagramatically illustrates the
relative resolution and field of view of each of
respective subspectra band images derived at the output of
FIGURE 2. | |
' FIGURE 6 is a functional block diagram of a

 _th1rd illustrative embodlment of the 1mage-reductlon means\ej

30

35

of FIGURE 1;

FIGURE 6a is a functlonal block dlagram of a
fourth illustrative embodiment of the 1mage-reduct10n
means of FIGURE 1;

| FIGURE 7 diagramatically shows the type of
visual display obtainable employing the third or fourth
illustrative embodiment of FIGURE 6 or 6a; :

FIGURES 8a, 8b and 8c show respective'
alternative examples of the VIDEO SIGNAL SOURCE of FIGURE
6 for providing the digitized video signal to be processed
thereby; and |

he i mage-reducti on neans of FI GURE 1, FI GURE 3 f



14- FI GURES 9a, 9b and 9c show-respective aI%ernétive exanpl es of the
FEATURE OF | NTEREST DETECTOR of FIGURE 6.- REferring to FIGURE 1, there is
shown a system5 that includes as essential conponents a foveated
automatic electronic caner dﬁﬁ# 1 T. of FIGURE 1
may al so include optional %%era or sta?19 ﬁo%c %ﬁpw Pgigéélnc udes as
essential conporedhiernative exanples OﬁﬁﬁbeffﬁhﬁUBE OF cINTERBET REIBETOBG
athﬂO | mge- ¢ FIqfiEtg On means 108. | mager neans 106 and data

reducti on neans 108 nay be ipte rated in.a S|n | e. housi ng of canmera 100 (as
shown in FIGURE 1) or, al (RefeXTIRE vt t%EQU%E cof® ?F?elgeEHPHPeanﬁaﬁFSW
conponents & calta :;lrﬁﬂudés as esseﬂmﬁﬂrrc eAf6 asfevsmtiededutbmatic

el atively wi do hestFaid, e o6 %ép%écé%ﬁ%t%@ £625,°rhETEFF shk, 88"
vi deo si gnal m.mm dpmaycakso aincinde optmalreplenaton station08047hi s
vi deo si gnal 20 ‘¥ﬁﬁ“fhéih&é§1 é'@?ééﬁ#l&fec ghéngg each of

relatively high-resolutiaon success|ve ipa r anes rrve nmeans
106. For |nstamﬁéghﬁﬁﬁﬁQlﬁﬁkﬁﬁmnﬂﬂQﬁmﬁl¢ﬂ%g%fTYbﬁ¥ 4?6ﬁ¢¥nﬁ§éps QﬁsaPGG

may 22 cog}g?ufe;itnﬁ e‘iﬂefaﬁa %ﬁ?@i’oé%aﬂs XEDS Tmageﬁmeanseweaaﬁdf gagas
st?/eam of pixel & e&ﬁ%’ra‘ 5 S‘E'?Prﬁ) @ﬁ"?ﬁ&%t ﬁeﬂﬁ%ﬁg‘glﬁ% gtggﬁsagghgﬁsn.ng
nearly eight mldf Q:m:[arelrome(rases‘lwwhb;mtmmmw) sogpahlberpativéliypager

reans 106, HoWegloy gl i GASES ddod a0 Sh6@P Er | BoflnbRLALL CoBY BRI

or in an autonat T A systemto prov €'a reso ron
greater than 51200512 pixels per inmage frane and/or to provide a frane

rate,of norg than thirty ff AfsarseCcooe {& h@éxﬁphsaarsasanﬂohbehabmel or
rate of the video signal IJed to data_redugctipn means % %X Ed ei ght
35 nmillion pi £qlo rg camera for viewing objects situa

within a relatlvely wide-field-of-view region of space and
deriving therefrom a video signal which is applied as an
input to data reduction means 108. This video signal
20 represents in real time all the pixels of each of
relatively high-resolution successive image frames derived
by imager means 106. For instance, each two-dimensional
image frame from imager means 106 may be comprised of 512
x 512 (262,144) pixels. The successive image frames may
25 occur at a rate of 30 frames per second. In this case, a
serial stream of pixels are applied to data reduction
means 108 at a rate of nearly eight million pixels per
second by the video signal output of imager means 106.
However, in some cases it is desirable in a robotic system
30 or in an automatic surveillance camera system to provide a
resolution greater than 512 x 512 pixels per image frame
and/or to provide a frame rate of more than thirty frames
per second (thereby increasing the pixel rate of the video -
signal applied to data reductlon means 108 beyond elght
35 mllllon pixels per second).
Image analysis by a computer normally requires
that an image pixel be in digital (rather than analog)
form. 1In order to prov1de a sufficiently high resolution



| mage analysis by a conputer nornally requires-that_an i mge pixel be in
digital (rather than analog) form In order to provide a sufficiently high
resol ution gray scale, it is usual to digitize each of the inmage pixel

| evel s at eight bits per pixel. Thus, in the absence of imge data
reduction, it would be necessary, in a real time environment, for the
conputer to prB@¥% §Gake, italstuswal 6tai dignh;beteaphroﬁethédiﬁa gor e.
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th t put frofage-enalyzdng canputersit¢an copetatei at Celvts ard08) ahd

apgl ?gdp;s a:1 thodle tha¥0 ) lde %Wﬁ va02 analyzes the reduced
coraanc

i mage data applied thereto,in ac ts programmng. Its
programming, of course, @MAREhFediction means 208, ptnpdmclmfthélepzsqsenm

shown in FI EJJREnirenIEdthQs Prisdaridss dirréétﬁsd?a |ca1r31¥ Sﬁf]an ¢ Y tSystem
réc
cotne. bei 18- vi Mol bRATI buial. wiigd) he hrandlad, e aammitke o1 0wt ng
obj ects, obj ecwdthewtngacrd ficimg eitiye %ﬂammomﬁoﬁ?wﬁiﬁogs
I d [ own
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an alarmin the case of surv system

system shown in FI GURE 1The §eﬂ§§6ﬂ|éméﬂﬁwﬁatdrouﬂpu;(ixnm datqnner 102 |s
programmed to ﬁéaucdeoﬁ de&heedoéexﬁm@hd coid e{)/b Lfo
nechanlc han ut i ans er nmeans 106. re speC||
conput er gﬂY?ﬂ eﬁpgpﬂmi i&c Cs camesia d@Putis @pwlrms'hm cail
hand in accordnnpntwtbhcbmpbtenfmoz&tIcampﬁtb@ W@i'é&dﬂ@%e@?Q%ﬁﬁQéﬁﬂébd
image data applied thereto in accordance with its
programming. 1Its programming, of course, depends on the
particular purpose of the system shown in FIGURE 1. For
20 instance, in the case of a surveillance system, computer
102 may be programmed to recognize Significant changes in
the scene being viewed by imager means 106, such as the
presence of moving objects, objects having one or more
particular shapes, etc. Computer 102 may include an
25 'output-to some utilization means (not shown), such as an
alarm in the case of a surveillance system. Another _ §:}
example of the system shown in FIGURE 1 is a robotic
system. In this case, computer 102 is programmed to
provide a desired "eye-hand" coordination between a
30 mechanical-hand utilization means and imager means 106.
More specifically, computer 102 applies certain command
signals as an output to a mechanical hand in accordance
with both information contained in the reduced data
applied thereto from imagér means 106 and in feedback
35 signals received from the mechanical hand utilization
means. _ _ .
Imager means 106 of camera 100 (depending on its
use) may be either stationary or movable. For instance,



gpplied thereto

fromimger neans 106 and in feedback 35 -signals received

fromthe mechanical hand utilization neans.=fmager means 106 of camera 100
(depending on its use) may be either stationary or novable. For instance,
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or, aIternat|vebyspia@pdﬂmnmmrmlts the operator_to view image information
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derived by computer 102 and manual control 114 permits the
operator to transmit manual command signals to computer
102. By way of example, the purpose of these manual
command slgnals may be selecting the image information to
be displayed on display 112, and/or manually controlling -
the respeetive outputs from computer 102 to any or all of
data reduction means 108, moving means 110 or the
utilization means (not shown).

Referring to FIGURE 2, there is shown a first

'embodlment of data reduction means 108 which incorporates

the_pr1nc1p1es.of the present invention. A video signal
input to data reduction means 108 from imager means 106
(which may be a sampled signal from a solid state imager
such as a CCD imager or, alternatively, a continuous
signal from a television-tube imager) is applied to an
analog-to-digital (A/D) converter 200, which converts the
level of each successively-occurring pixel of the video

'signal into a multibit (e.g., eight-bit) digital number.

35

Each successive two-dimensional image frame represented by
the video signal is comprised of Py pixels in the
horizontal direction and Py pixels in the vertical
direction. Because imager means 106 is a high resolution



signal-froma tel evision-tube inmager) is applied to an anal og-to-digital
(A/D) converter 200, which converts the Iev_? of each o

successi vel y-occurring pi er of the video sfgnal into a multibit (e.g.,
eight-bit) digital nunber. Each successi ve t wo- di. mensi onal inage frame
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Preferably, eafhequenby spepetelnVef the image defined by the pixels of
each successive image frame of the digitized input video
signal to analyzer 202. Each of video output signals Ly

20 .o LN_1 defines a bandpass band;of the spatial frequency
spectrum of the image, with Lo defining the highest
spatial frequency bandpass band and LN 1 defining the
lowest spatial frequency bandpass band of the image
spectrum. G defines a low-pass remnant band that _

25 includes all spatial frequencies of the spatial frequency
spectrum of the image which are below those of the LN 1
bandpass band. Preferably, each of the respective /
bandpass bands L . LN 1. has a bandWidth corresponding
to each of the two spatial dimenSions ~of the image of one

30 octave (i.e., if the highest spatial frequency to be
analyzed by spectrum analyzer 202 in any dimension is f
the L bandpass band in that dimenSion has a center
frequency of 3fo/4, the L bandpass band in that dimension

| has a center frequency of 3f /8 the L2 bandpass band in

35 that dimenSion has a center frequency of 3f0/16 etc.).
Thus, the first band Lo of the group of output video
signals exhibits the same relatively high spatial
resolution as does the_input Video signal to spectrum



bandpass bands [err] ... [err] -has a bandw gth corresponding to each of the
two spatial dinensions of the i mge of one™30 octave (i.e., if the
hi ghest spatial frequency to be analyzed by spectrum anal yzer 202 in any
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conpri sed of pneqth>qnn;xnleﬁxgnalaﬁ@omoc@mppﬁsgeuozhepeiheéugﬁ as the

regpect i v spUt iy ,&JY ]1nput [ﬂ{éz}eté’f égalnaféﬂted EpshrP8UREJRL €, Each of
therefore, operates as patial wndow for th passed-t hroyugh | ocali zed

t wo- djnenS|onaﬁhﬁxEQ§HeQEﬁYQc9P QHKQQ#ﬁ@omrce%?%T Roht rBeXBEERal appl i ed
to each of gat Q.&:Mh.ﬂed twoldindhsjoni€l espatial t perttbat comppisedi of of
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the respective output L'0 .o L'N 1 of that gate. Each
20 gate, therefore, operates as a spatial w1ndow for this
passed-through localized two-dimensional spat1al portion.
The window center control signal applied to each of gates
204-0 «e. 204=(N~-1) determines the relative position of
this localized spatial portion of each frame. In FIGURE
25 2, the respective outputs L' o ‘" L' N-1 from gates 204-0
' . 204-(N-1) along with the GN output from ‘analyzer 202
are applied to computer 102 either directly or,
alternatlvely, through_a multiplexer or other data
'commnnication means (not shown). '
30 The FIGURE 2 implementation of image data
' reduction means 108 of camera 100 1ncorporates the
relatively least structure required to prov1de computer
102 image data that has been reduced in accordance with
the principles of the present invention. In this case,
35 'computer 102 includes suitable memory means for storlng,
' at least temporarlly, the reduced image data applled from
image data reduction means 108 and selection means for
deriving this stored reduced image data control signals



204-(N-1) along with the GN output from ahal yzer 202, are applied to
conputer 102 either directly or,” alternatively, through a nultiplexer or

ot her data comuni cati on neans (not shown). 30 The FI GURE 2

i npl ement ati on of image data reduction ans 108 of camera 100 incorporates
the relatively | east structure required 10 provi de conputer 102 inmage data
that has been reduced in accordance with the prlnC|pIes of the present

i nvention. | peithirhedP D dita rediRtR: } Eﬂé& #p;r%ﬁ%{ meané_ ~

for storing, at |east tengfrajl the reduced i‘nage data .applie ro

i mge data r E8§ESirort trddh a&%&%e‘a‘?m‘?ﬁ?&ﬁ% sush ReNCAIJReaRs stored
reduced i rragandaulemﬁ:mu magtsils partd-of alataatedurtivn M tiom deans

108. However rporate such nenory
means and seFec |on rredn #arwwﬁohﬁ#% SIS G canera
100, rat Rer qultﬁcorlﬁ&oat ﬁi@lﬂi‘es’&ﬁ nddustrates thimalderotive GURE 2a

il lustrates phbd W@tﬂ\ﬁl FHE Yedictyl gduct i on means 108.
As indicated in FI GURE 2a,, E res ectlvecoulggﬁ?ns err (ﬁj [err] and [err]

fromthe enbodi ment of &8 & raspagiiee 100 to
conputer 10 outpats tn t gad, n a|dnit \ﬁ:mhnf& EGiodimedft £ educti on

%
206- N cach of LGHFEN2 828, A0H dorirded aut 8%, Sehard. g T Sammutrone o

respect 10e oliOBut s Ipstepd,. .tl:{eerarl]teamat[iura ]embd?lmmexg: eﬂthia]t‘a successi ve

frame, the [aahktiBh¥peand! 198 EHdnd *i% dms 2a :f u[deﬁoui puts
(FIGURE 2) are witten Intq its correspon oneo err
menori es 2069goup, ofowenoriese 2060 ne od@l H-Sof menori es

206-0 ... 20$n¥iveaadld hee%elmwﬁ%u%m@ rﬁﬁ‘i‘x el Ygout 20
aLanat er oL e g oo oy e P 2oo.
conput el5102successive frame, the Piy*Ply plxele of each of the L',
cee L'N 1 and'G outputs (FIGURE 2) are vritten into its
correspondlng one of P! X and P'Y memories 206~0 ... 206-N.
After a time delay prov1ded by each of memories 206-0 ...
206-N, each.of these memories is read out and the output
20 signal therefrom is applied as a separate input to
selector switch 208. Selector switch 208, in response to
a switch control applied thereto from computer 102,
selectively forwards the P'yeP', stored pixels read out
from any single one of the group of memories 206-0 ...
25 206~N as an output from data reduction means 108 of camera -;)
100 to computer 102.
Spatial frequency spectrum analyzer 202 of
FIGURE 2 can be simply comprised of a plurality of
bandpass filters. each of which derives as an output
30 respective ones ‘of bandpass s;gnals L cee LN-l and a
lowpass filter for derrvrng the remnant signal Gy- In
some cases, low pass filters may be substituted for one or
more of the bandpass filters. However, it is preferred
that analyzer 202 be structurally embodied in the manner
35 shown either in FIGURE 3 or, alternatively, in FIGURE 3a.
In this regard, reference is made to GB-A-2143046 (U.S.
Patent Application Serial No. 596,817, filed April 4,
1984, by Carlson et al., and assigned to the same assignee



sel ecti-vely forwards the [err] stored pi xel s read out from any single one
of the group of nenories 206-0 25 206- N as1@m out put. from data reduction
teans 108 of canmera 100 to conputer 102. Spatial frequency spectrum

anal yzer 202 of FI GURE 2 can be si conprise lurality_of bandpass
filters, each of® ia?f’%*dt % é%ﬁ%&’??% bﬂe@eﬁ?lf ebeh
bandpass si gnal ©of ethe alte:frmtilveirehxhbdmm 6flthe épatileli freguéhey

Forone or mor o SHeatyale) SRR s, GHOAECE, ke 3pR8 300 oy

anal yzer 202 be structuraIMqreernﬁmﬁ-mIarle thenembadimestoshoent tor in

FIGURE 3 or g di?ﬂ e e 1s nmade
to GB-A- 2143046tE?r Pat ent dkoﬁ I cat1on Sierl a#}s\%ée%gGP%ij? {-'ﬁ? April 4,
1984, by Carl soki@ragchi A Bignak Preges sing ghbgorithn @méeloped
present appli capybr vwwtlhzdl.ﬁclmae@ (dhdletthéretere pfis heefbirédatdVas

STand Sa. Nore fha L Byamiily e dnli et nsug, Spkieule 38 TS
capabl e of inpl anathery type el rteals-taine dtmmclaicqnyrplyrramdgsmgnal_
eforred (30hs BrEURERAE it ad the ip t cLEr  BberaOErEbRIRatLT

anot her type of Pyxramitd.¥e hi erarchical pyramd signal 10 processor, known

as the "FSD (filter-subtra -4 St %’ﬂ&lﬁm f‘setﬁ?'ﬁﬁ‘fﬁdP*faﬁ é;URE 3,

the Burt Pyram d anal yzer, I's co ri sed | peI I n ener g simlar
sanpl ed- si gnal W@r’éﬂzeﬁrl ds ﬁ%ﬁ%’s’-sﬁﬁ) %(Ri'-&e line . 9@“253 Ea%%f“:b}-a%'he

rﬁspectlve stagg 1Etﬁﬁﬁﬂlatﬂdﬁfhﬁk§é§erwﬁlbyswmezfIBQU©00¥NOf
equency OBt °&kaa%o%a%a;§% ednsiting paggr SpeiSed, Abp SemplE fofecc
is |ower than t kdeteraqned by the£rdquenddd of aipe i dibgitahnylectlkgeighals
precedes it. Pkigﬁr%@gh.}i“bnn individually applied thereto. The
frequehcy of the clock signal applied to any particular
one of the stages is lower than the frequency of the clock
20 applied to any stage that precedes it. Preferably, the
frequency of eaéh of the clocks of stages 300-2 ... 300-N
is one-half of the clock of the immediately preceding
stage. In the following description it will be assumed
that this preferable relationship among the clocks signals
CLN is the case.
As indicated in FIGURE 3, stage 300~ 1 is
\_/ _ comprised of convolution filter and decimation means 302,
| | delay means 304, subtraction means 306 and expansion and
interpolation filter means 308. An input stream of
30 digitized pixels Gp+ having a sample rate equal to the
frequency of clock CL1 is applied through convolution
filter and decimation means 302 to derive an output stream
of pixels G1 at a sample rate equal to the frequency of
" clock CL,. Gy is the digitized video signal input to
+ 35 analyzer 202. The convolution filter has a low pass
 function that reduces the center £requency of each image
diménsion“repreSented'by G, to one-half of the
center-frequency of the corresponding dimension

25 CLl .o



frequency of each of the clocks of stages 300-2 ... 300-Nis one-half of
the clock of the inmmediately preceding stage. In the follow ng description
it will be assuned that this preferable reﬁiilonship anong the clocks
signals 25 [err] ... [err] is the case. ndi cated in FI GURE 3, stage
300-1. is conprised of convolution filter and deci mati on neans 302, del ay

304, bt 6 an n d_ing plat.lo fllter
Teans 308 An ihER %*}%?%3%@ At ERETSHRE, Eibe. [ERE1de2inBRion, conpies
rate equal to ﬂ%%hF¥%ﬁ %WP¥90@QB¥¥¢Y]lmseagbldemenhlonghyconaehaﬂfon
filter and decimation nearse 3¥&sp @cﬂﬁé%f@l@%f%g f@agi??]hgaxﬁh§o[18fzr]

t | e rat to t freque of , cl ock
SI g?t |S§g3 \?l deé’%&%&uﬁleﬂ’ﬁpﬁ"f % P’a%%ﬁ' Eré'éﬁ%ﬁnulﬂﬁéﬁsﬂpﬁer
gas a | ow Pass Aturthel manehdtimedutiss téducﬁdﬂd&néi L?&ﬁdlgfofaég hﬂ? Sh

i mensi on repr e_cen req A e
cor r espondi ng ???E’tﬂ'gao?b [e%{rﬂépr}éefs)%rgwa%f[ﬁ#? -atien tﬁﬁlgﬁﬁegﬁg vhigh
deci mati on reddBETeasess Fhe Sanphe t@enﬂ@(ﬂfdﬂ'm{ 6] i kglsnbathl to fhet
respective pixelfsgof, [ ar t
| npgt to sugt ract Fé Thieh, &é%%‘%‘ﬂe sarreff ﬁ¥t %ﬁceﬂ ﬁjéjﬁéig
pi xel s of [errP*&r @PQES'ﬁ (?sc(? HPRM G tsuper mt—mfmems 308,
whi ch i ncl@aseThehpresence dﬁl&idl&}ﬂfmééﬁs [304 ]eﬂﬁﬂﬁé Bk é&ch Bdirfor

L ebond | nput SABPIARS Fac et Y AR5 o esBand i e Zax?&&%é’%iﬂsas
304 ensures thspataefd pasntabmarqﬁeesaﬁ;ﬂmdd shuj t{}mr rﬂzx;}%}ﬁ%%cﬁ%ﬁds)gnd
MUt of “subt raphterBE Ebeiibic melis M i3t Yo Ui SRR oF B ey
out put stream 8hesaBeERSTye g'&\‘PpIOé’é:P[Ué?rrS]tIBm off gucndrsiae | sampises <L 306
[ age. The.str oo S%"*SS?‘W“?S@ZS'“%O%%%W’%%‘ ﬁiﬁérﬁf@*ﬁl‘; the
sane as that o ggg RCY N eac s:Lon of the scanned image.
_ The structure of each of stages 300-2 ... 300-N
is essentially the same as that of stage 300-1. However,
each of the higher ordinal numbered stages 300-2 ... 300-N
20 operates on lower spatial frequency signals occurring at
lower sample densities than its immediately preceding
stage. More specifically, the output stream of successive
samples Ll- represents the next-to-highest octave of
spatial frequencies in each image dimension, etc., so
25  that, as indicated in FIGURE 3, the Burt Pyramid analyzed
signal is comprised of respective octave sample streams L, ot
. LN-l ‘(derived re_spectively from the subtraction means

of each of stages 300-1 ... 300-N) together with a

low-frequency remnant signal G (denved from the output:
30 of the convolut:.on filter and dec1mat10n means of stage
300-N). | |

‘A primary ad#antage of the Burt Pyramid,
discussed in more detail in the aforesaid co-pending
Carlson, et al. application), is that it permits a

35 reconstituted image synthesized from the respective
analyzed outputs L, ... Ly , and Gy to be derived in a
manner such that the introduction of noticeable artifacts
into the image processing due to image processing are



éach'of t he hi gher ordi nal nunbered stages 300-2 ... 300-N 20 operates on
| ower spatial frequency signals occurring atlewer sanple densities than
its imredi ately preceding stage. Mire specifically, the output stream of

ccessive sanple er epreesent s the next -t o- Qi ghest oct, f tJial
Froquenci os | n CLRLRREBE- ol RefiiPBAvaBEase oF 3ooutt fyranid iy cnd 16
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convol ution il tgsmprexgeg, mation means of stage 300-N). A primary

advant age of the Burt Pyramd, g'scussed in re detail in. the _aforesaid,
co-pendi ng Carl son, et a1.€§ﬁpr baPYSﬁ?}di nﬂXPeFP 51 dn, FIGURE 3a, 1s
recoFstifuteg }nsﬁnihanttozthgdBﬁrpnPyhamidsanﬂu&zeradml;ﬁ&é;@ﬂlmwws.[err]
... [err] an 0 Y n u t tai
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-12- nininized. generallyasimpjbavfsampled-pignaild transiation megas &0,
expansi on apl | nigspe! al | 030bLivt e sebBnaddehhn oled theC FRYPeHIVR fHtaidiis and
deci mati on) per anal yzer stage, and this’'increases hoth its cost an

conpl exi ty. The oRerates b ansappie rakgvwdeterminedrby, thes frequencht @ he

Burt Pyram d anathNgeqigitatveletkeignals' eL, ,t 0e,Fol.acal yiedividuaddy

conprised of a pipelin eperal Ly.si,m | ar Bed- si . translatiqn
nmeans 300-1, 10 ag%gﬁgg gﬁggggﬁth*ﬁ€£90n ,eeE%EEBFnFHé% e§ﬁ§bfﬁ§5&%§&§§§l
operates at a saapbPiedttodanyrpartichyarheneér efuthey stageise igi predferabdgk
signals [ | [ LRdi Vi du y i thar s TR F :
frequency g#éthep%?ogéigigﬁ§F ggpﬁbédc?gegngqupgighﬂgélggglg}pkﬁgegyé}es
is preferably 15stag@e-half that of the clock of the inmmediately preceding

However, the specific structural arrangement
comprising each of the stages of the FSD pyramid analyzer
_ differs soméwhat from the structural arrangement
20 comprising each stage (such as stage 300-1 of FIGURE 3) of
. the Burt Pyramid analyzer. More specifically,. each stage
300~K (where K has any value between 1 and N) of the FSD
pyramid'analyzer shown in FIGURE 3a is comprised of
convolution filter 302a, decimation means 302b, delay
25 means 304 and subtraction means 306.

The output from convolution filter 302a, (before
decimation by decimation means 302b) is applied as an
input to subtraction méans 306. This structural

- configuration eliminates the need for providing an
30 expansion and intérpdlation filter in each stage of an FSD
pyramid analyzer. The elimination of expansion and _
interpoiation filters significantly reduces both the cost
and the amount of inherent delay of each stage of the FSD
pyramid analyzer shown in FIGURE 3a, compared to that of
35 each stage of the Burt Pyramid analyzer shown in FIGURE 3.
For the purpose of explaining the operation of
the system shown in FIGURES 1 and 2 (or, alternatively,



stage. However, the specific structural arrangenent conprising each of the
stages of the FSD pyram d anal yzer differsgpnmewhat fromthe structural
arrangenent 20 conprising each stage (such as stagée 300-1 of FIGURE 3) of ,
the Burt Pyram d anal yzer. Mre specifically, each stage 300-K (where K has
any val ue bet wEGURESnd HndoR2a)he rfedlemmncuniih arw ywale StOWIGURES GRinga

is conprised of convolution filter 302a, decimation nmeans 302b, delay 25 _
means 304 and SUbtraction neans 306. The output fromconvolution filter \o-
302a, (before deci mati onThg Festandlen 44t remEsents theplrelatively i nput

Lo sublractionlapgassige. ofnithes tiuldinndieHd10 WAl Slddi diR! ddriiea need

for providing xpansi on and i nterpol ation ter each age
an FSD pyr% dgﬁnﬁpyfﬁﬁ Q‘Fhé‘mé‘lqem%eor?fgﬁ%m iTherGe| QUERIL
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conpgred to tH§%€ﬂ$“§5pgg§éE§D§@§S§3§ qﬂ“}ﬁ§§% mtERL R SPES in
FI GURE 3. For ehtiperjwageofframe apaitiglt regiper atithn tife tlvar-ayes X tivmn
in Fl GURES 1 aagf Vel .y Ph3oph! reference
I's now made to &%o&ag}:g@? eldrg grrllllye Oﬁﬂrzé’gﬁégt%r#ssﬁ% 2%"51 vel y

| arge si Z&0 of Thesi was dehewni éﬁalﬁ'lﬁb’aﬁ ft@g,mﬁudsmm Fepresenteraire

i mge frane of X r ichis
applied to co lﬁ?efés%gﬁ?mﬁﬁﬁogl3ﬁgg.$%ﬁw E%g%h%%%?d%%%] o(r%%;r esents
oR

this entire i ¢tsntsuch tF&IVﬁ§§|§9 NHtPR@ the regs shafcentihiem
provi ded by Ortbe’lnéeviéwédxﬁirscaﬁérﬁr age. l@or Ih!%st%%tiW%dﬁdﬂe@JRE >,

this [err] [ESE nts a_Lowre - |ew/|na e 500 of one
or nore obj ec?@’?s’ﬂ%ﬁp '\%gevs Efsvvpihhﬁ%hg G?’@n ofy dFald Keidtd
vi ened byl ands aid O(dsswwedi touber 6ti vEhpsy, puhesentlicer aveaclof/e&heal ues of

both [err] andy] &84l -dflew' B Pedoilltion spatial image region 400 (shown
in FIGURES 4 and 5) is comprised of only 36 pixels.
' The L'N 1 output from window gate 204-(N-1)
represents the localized spatial subreglon 402. Subregion
20 402, which has both horizontal and vertical dimensions
only one-half of that of spatial region 400, is only
one-fourth the area of region 400. However, as indicated
in FIGURE 5, subregion 402 is also comprised of 36 pixels,
thereby providing a higher-resolution intermediate view
25 504 of vase 502 than that provided by low-resolution
global-view 500. | .
In a similar manner, each of localized spatial KJ
subregions 404 and 406 -- represented respectively by the
_ Lt N-2 and L N~-3 outputs from respective window gates
30 204-(N-2) and 204-(N-3), neither of which is shown in
FIGURE 2 =-- are also each comprised of 36 pixels {as shown
in FIGURE 5). However, the area represented by spatial
subregion 404 is Only one-quarter of that of spatial
subregion 402 (or one-sixteenth of that of global view
35 subregion 400). Therefore, the resolution of intermediate
view 506 of vase 502 is higher than that of intermediate
view 504 (which, in turn, is higher than that of
low-resolution global-view 500). Similarly, the area of




15 5 is assuned to be 6. Thus, the entire area of the global-view | ow -
resol ution spatial image region 400 (shown L{gEl GURES 4 and 5) is conpri séd
of only 36 pixels. The [err] output fromw ndow gate 204-(N-1) represents
the localized spatial subregiion 402. Subregi on 20 402, which has both

28{3 i zont al | and \sg:;atﬁm slibresi an e8| is amel yadhie ofuabhtérobfsphtitabsr egi on

)0, is only one; rih 4. ea. o e . Lhdicat Wy

FINGURE 5, subregslpoagé%ﬁ gl%%’b&éoin%‘irlgée%mjggghgg ;‘g#fé?tt ﬁ'gr éggi’g?a&g&f"ng a
hi gher - r esol ut i @Pat#ak megion 40Q) 25Thuspsthe naselsbionhuﬁaewgeepp&vi ded

by | ow resol uti qjag B -1 WKIP: tdd wieh "Ehe hiBRESE. réd6lueiohocal i zed
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[err] outputs from respecti®% ’v&%%f@%’c‘é% RrDeacE N 21 Qéﬁc\ébg;{’ﬂ- ap the

nei t Iher of V\ﬂi Clopexrstiom of thélifesent fmventiongathecvapuesedf Nfhas
Clbregi on 404 | Desth jiealiied e BHRly 37C PEPLEGRECTED BRLDYGB0E B!
one- si xteent h eretgmse_ntqlsgﬂl:iwl e&umgimbe%:y oﬂi_tmoypati'al;rgubrggipng
o0 oL, O ) LTI 400 Y eipechivery Dhabeeobipeat byt L],
| owr esol utlifon  d'GodiL\yj.ep) R Gz IGg) ar | I0 PFRACEICE, oN Wouldshaugagi g
subregi on 406 | yile/ Preater titin & (demfL1ppati Beastbsegr06)404Faether,
1/64th of that qf Ioba%.—w_e ,spatial region 4 0%. Tg , th £esv%&‘rlaogé
View 508 of vasdBs®FICEiRRM RS FEARIFTHEE hY?J‘ﬂ‘é $? S%(uﬂlgn.YS
For illust raLi vcgmt(mfsetshaxi ré dgssuch kas1032 rox hk6 ppEont exampled he fnesuch
Lhis cace. [orrCuskhio iy MO AR e of bbtdscnted BEFBED, 0
404, 402 add 40high-resakpian veride cfietdreEdview|[video signal[ £¥ep and
I[e”] . In pr a(iltgiacq"%r hhe¥Hd 008y i Med D P P2 €512 NBixé16npoFRet¥nat
east 5 or 6). urt her : - .
~ 1024¢1024 pixels) is reduced by data reduction means 108
" to five or six separate various resolution views of either
16016 or 3232 pixels each. |
20 . As indicated in FIGURE 2, computer 102 provides
an individual window center control signal to each of
window gates 204-0 ... 204-(N-1). This permits each of
the respective spatial subregions (e.g. spatial subregions
402, 404 and 406) to be moved in accordance with command _
25 signals from computer 102. For instance, as schematically
' indicated by the arrow in FIGURE 4, each of the respective
— spatial subregions 402, 404 and 406 .'can be independently
' and selectively moved from its preceding location (shown
in phantom lines) within spatial region 400 to its current
30 location (shown in solid lines) within region 400. In
this manner, any part of the global view of the spatial
region 400 can be shown in any one of the various higher
‘resolutions. | ' | .
In the case of a surveillance camera, computer
- 35 102 can first anélyze_ the low resolution global view
spatial region to determine whether or not it appears that
any object of interest (such as a moving object, an object

having a particular shape, etc.) is present in any




in practice, the respective values of [err] and [err] would be greater than ‘

6 (such as 32 or 16, for exanple). In such,gases, the spatial inage region
represented by the 15 hi gh-resol uti on, m} & fiel d-of-vi ew vi deo si gnal
frominmager neans 106, defined by 512[err]512 pi xel s (or even 1024[err] 1024
pi xels) is re%ﬁ/ Hl3b Eﬁﬂﬂcgleﬂaﬁﬁ%‘.éwlwﬂfosb' v utee i

various resol ution ews of elth or, 32[err el s each. 20
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| ndependent |y I Ve ding location (shown in
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gl obal view of the spatjal in a one of  t.he
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det erm ne whet r,,or ot %%Jﬁ% grs that any object of interest (such as a

novi ng object ﬂﬂgﬁj 88 particul ar shape, etc.) is present in any
- 15- subregion of this gmmbahevcaae of EIGUREe2e¢ngomputean 1i02e providese
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r?b?}]' C Swtegﬂﬁé) ﬁﬁlé&r@&ﬁxﬁaaﬁy 6ﬁerdfnptﬂxep' Thémb'ﬂ%rst 204-advant age
?he © presen IQ&?PtI fﬁr@ﬁe} e Hgggt L g%%un%h 3 Q%%: Q%a a%%%%q by
be handled by computer 102.
It is plain that it may be desirable in certain
cases to pass even the last band of the group of bands
20 through a movable window which forwards even fewer than
said second given number of pixels to the output of image -
data reduction means 108. Further, in the case in which
imager means 106 is provided with moving means 110, it is
possible to maintain the respective windows in
25 predetermined fixed spatial.relationships relative to one
another and move imager means under the control of the -
computer to bring the object of interest into the highest \/
resolution window. It dlso may be desirable to substitute
a selector switch for selector switch 206 that is capable
30 of selecting any two or more outputs of memories 204-0 to
204-N at the same time and then simultaneously displaying
the selected memory outputs on display 112. such
structural modifications are contemplated by the present
invention. '
35 The amount of image data that must be supplied
to computer 102 (FIGURE 1) by-imagé data reduction means
108 (FIGURE 1) can be further reduced by employing an
embodiment of image data reduction means 108 which detects

v



conputer is greatly reduced, without, at the same tine, 10 reduci ng
either the resolution or field of view capakig+ty of the inmager neans. In

t he case of FIGURE 2a, conmputer 102 provides a switch control for selector
switch 206 that permts conputer 102 to selectively exam ne at any one tine
only 15 the dand pmeldsinarynprocesses coné ormoeres" feat@r@dlofl This

further reduces jhjpe Euni sqfcygaféaﬁd}?és Bt e PaE %Q&(o&e”.?mﬁﬁa}l%n,

isuain that it may, b de5|r l'e I1.n certaln cases:t ass even t

band of the grof§¥oit Rttt RPN L4 h’dgvmm% ¢higaFEs(as
even fewer than o@@ldteﬂew(ttmti@narymﬂ]é&t@) Xe{3) tspédif Ded pplatLérhnage

dat a reduct ion 8. Frther t h ase. in i ch, i mager s 106 is
provi ded wi oh noTRRE B ehabes and b, G BE ¢S haviad WRETEE e Ve
wi ndows in 25 spamialemmmrtdtm sipntthe w:iada-tfim]sdm-i-@ﬁ-vmmtlmegeo one
anot her and nov egﬁ%%‘”er %%er it Cé)ﬂ%lf bring

t he object of i‘ri{t rest mtori,?he gh(és:éfo res ﬁl%ﬁr?%ﬁtd% égamay
desirable to sukeduchion, means: 198 fHam Hinager deansrl Qe tcmtlz% lhla@le
capable 30 of f%%'t@ﬁ:‘és“&lﬂﬁlﬂl‘&ato'bé‘ﬂlff NEdrE St qiomviﬁ@pué@%peéﬂfled

204-N at the sane ti, an sijmul t an sly displ the_selecte
nmenory out Ey(éts 59%‘%‘;1% m%tﬂif a'ﬂy MI#?’ng%ﬁs The BToER
gontenﬁl ated bydhlaqrmres:eﬁﬁ‘llcmmtﬂ dllu¥trates an eandtﬂanme irhagenge
ata that nust r ta
reducti on rreansg%ﬁé %I%Idﬁ%%é %g‘%ﬁ%@@%ﬁ;@?{%‘é g an
embodi ment of inmage data Refeswriing rheaFIGURE i cimmmq ‘@a re llﬂétl@md
Prel | T pary. Pr OGRHAS 108° % d%:?li{]eﬁatd& %P o I9¥ K fftsoux%@rbé@azﬂ)é%u?é

I nterest, without |initati-on he spat| osit]j on of
movi ng obj 88t s Ofs intezest de pely®ed pattern 5

shape or Shapestr%h%&@&-&%hc&ﬁb@ﬁh%dﬁﬂ“&ﬂlFﬁﬁdﬁﬁbﬂﬁﬂlon filter/decimator
pyramid 606, and the group of P’x~0 P'y window gates 608-0
. « o . 608=(N-1). : - : '
Video 51gnal source 600 may take any one of
20 various forms,_examples of which are shown in FIGURES 8a,
8b and 8c. 1In any event, video signal source 600 derives
a digitized video signal having a relatively large number
(Px L P ) pixels per frame. 1In its simplest form (FIGURE
8a), v1deo signal source 600a is comprised solely of an
25 analog-to-digital converter 800, which is effective in
o digitizing the analog video signal from high resolution,
o wide-field-of-view imager means 106 (FIGURE 1). As is
| further indicated in FIGURE 8a, the analog video signal
from imager means 106 may be employed in FIGURE 6 as a
30 "busy" image video signal. For the purposes of describing
the operation of the embodiment of data reduction means
108 shown in FIGURE 6, it first will be assumed that video
signal source 600 is comprised of the simple form shown in
| FIGURE 8a. Thereafter, the more complex forms of video
35 signal source 600 (600b and 600c) shown in FIGURES 8b and
: 8c will be discussed.
The digitized video signal from video signal
source 600 is applied as an 1nput.to_feature of interest



spatial orientations in the w de-field-of-viewinage represented by the

video signal input to inage data reduction peans 108 from i nager neans 106.
‘O her likely features that m ght be of i nt2t83t woul d i ncl ude specified 10
spatially local color and/or I mage texture The bl ock di agram of FlI GURE 6
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conprised of vid&ere eﬂd%&ﬁﬁ%%rﬂ@@Q a1se unay 1ake ovariouseformst ecFor |\
602, pi xel abSdWﬂUEﬁﬁﬂﬁi 6§e§L”Eﬁté@ 1§Q4Ofcaf fLEEhenfogﬂg -
fI|t€I‘/d€CIITB.t% d60 dthedge% ﬁerr ow at eS 0 -
.. 608-(N-1)! %r@renehevnzen FIGURESS

forms, exafpl egaof 9hh|aml A SIKMﬂ purfdﬂREﬁf gd’es@blﬁﬂfi'gﬁﬁhe bﬁei‘9¥18i4ent

d I ed video.signal having_a
Yelgflieggalafggrﬁﬁ gﬁmﬁ%rr plxe fﬂé# f#éﬁﬁa redue On; MeaRs {1908, shown
(FI GURE 8a), viBe& |6.s<;dt: cfdﬂ}t)aulsl chnrpassmnb&d:mat( Péatur@Sof

I t o- di gi

anal og v?deogsﬁgﬁgf‘@i‘em‘*“ﬁ‘% 42 Hes Suifd £l Copdaf | Mowk, 18 FRGmE
106 (FI GURE 1) 2 i e R %%F‘Wﬁ mﬁmqa:aest ietectons v{ 6e2b
si gnal frao i magdr 602e)S shoemman lzqcanm.@mﬂ dfd RS P Be &eé”&m?&usy

d I For ur pos descri bi the eratl on the
onbadi ment of . dat a1 edcREGRTITAL Tay e enent (93; rohexe (15 be
assunmed that vsHownsifgratliustratise I:msplmvf g %ﬂknfpltdﬂéar%gm e form shown

FI GURE 8 I or \Y 0 I gha
Sour ce 600 ( 6obRobRtEFicataR Fodh ¥ Mo E e, tepthire defedi®e oy
The digitized P40 yhgﬁm isr combrdseds iofh fir agneu memcand 900 appd iEikes an u
i nput to feat Uéﬁbﬁfabﬂiéheﬁhanstsggtz:m %he 6%9 Q&%@'ﬁ% %Jf?\b&ﬁ]

features of interes det ect or | so may t"a e varlous
illustrative p% p¥ideo sigpe e RRNEICEs 600 dﬁfﬁ&ﬂéﬂ?@(ﬂﬁnﬁn 1nput to both

frame memory 900 and the plus (+) input terminal of pixel
subtraction means 902, and the output from frame memory
900 is applied to the minus (-) terminal of pixel

20 subtraction means 902. Frame memory 900 is effective in
storing one complete frame of pixels and, after exactly a
one-frame delay, applying each- read-out pixel of the
stored frame to the minus terminal of pixel subtraction
means 902 in isochronous. time relatlonshlp with the

25 application of the correspondlng pixel of the current

h digitized-video~signal frame to the plus terminal of pixel .-

subtraction means 902. Pixel subtraction means 902 \
derives an output video signal therefrom in which the
polarlty and level value of each pixel thereof is in

30 accordance with the algebraic difference in levels of each
pair of corresponding pixels applied'respectively to the
plus and minus input terminals of pixel subtraction means
902. Therefore, except for any noise”background, any
pixels of the digitized video sighai from source 600 which -

35 correspond in spatial position to stationary objects in-
the image represented by this digitized video signal
result in substantially zero-level corresponding pixels
being derived in the output video signal obtained from




of feature of interest detector 602 are shown in Fl GURES 5 9a, 9b and 9c.
For purposes of describing the operation of-ige enbodi nent of inage data
reduction nmeans 108 shown in FIGURE 6, it first will be assuned that
feature of interest detector 602 has the form (602a) shown in Fl GURE 9a.
Thereafter, t hepislusabdirdgtiomnaeans 02y s HOver O movainﬂgwltécthom i n
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and the out put tesmlfbmmmmpﬁmvmmwmml adérived nfisor -pik€l m nal

gI oer: ﬁgl one corrpl ete rarre Pl xe sz ﬁ&%f%%sa%? ?/‘1: %%efé%:hgué%l 39‘1

appl yi ng each- rasaa&wepmel@r having destels mkonificantiynaboee dmdl of
pi xel subtracti ga1eRARer2 'ﬁf&&&wo%ouw%ée@erﬁf&é HppdtLaV pdsiforSof

application of the correspondin pl xel current

di gi ti zed- ¥PdeoXpRgMRVinG, obles Hhes imags kerxasented Ry, sEhe Rieel
mﬁansf 902. P:Aﬁehbturlabta@td maman? | Wde&smﬂlt?ltdyfﬂm Sbﬁnfﬂhe
therefromin ic an 0 ac €0 in
30 accordance® ﬁ?‘? F& Potf r??elﬁ'f? e%%?%la‘f‘? %?3

corr espondi ng pmqhtlxpppmmapeaudeloptwt hadﬂcussxagrthlm rwisi 1enpthe
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background, any pixels o |gnal rom source 6

35  corr eéﬁondamﬁ'u%aplfals%atﬁl&ﬂ betyesn sepresaqnding iprsifel vempd
represented by hagatiw ylﬁstuiecwé tputesHlded iR aftdml pixel

obt ai Liéehé‘r’n”eiﬁ%? Ctdch: ARaBioR0kuans 902,  However, moving obj ecte in
In practice, more complex and sophisticated
forms of moving~object feature detectors may be employed.
20 By wvay of examples, such sophisticated forms may include
(1) a frame memory that provides a selectable integral
number of frame delays between its input and output (to
permit slowly moving objects to be distinguished from fast
moving objects); (2) temporal fllters, and/or (3)
25 spatial-temporal filters.
| Based on the foregoing discussion, it is plain
W/ that the image represented'by the digitized video signal
from source 600 is muchi“bﬁsier“ than the derived
moving-object image, fepresented in the illustrative
30 - embodiment of FIGURE 9a by the output video signal from
pixel subtraction means 902. Put another way, pixel
subtraction means 902 substantially reduces the amount of
data present in the "busy" image digitized video signal
from source 600 and substantially eliminates all of the
.35 large amount of data which relates to stationary objects
in the digitized-video-signal image from being represented
in the output video signal from pixel subtractions means
902. '



the image represented by the digitized video signal from source 600 (i.e.,
obj ects that change in relative spatial posgition within this represented

i mage between successive 5  franes of thé-digitized.video signal from
source 600) result in the output video signal derived from pixel

subtracti on nmeans 902 be kS f 0Sdt s lve pixels |
h;vi ng | lavel S si gni fi canﬁig ggg@éﬁaﬁ’g gl %%t#gﬁo%#&&%éﬁﬂb:ﬁ&a{%e .rcg# )z;t ive
spati al positibRteresp detpetar,fAg di5 apprliied as iaradapuspriss @ixel by t hgt

pi xel subt r act abgoleeasvalhsutrandrersimadivion dRiEedol. (hd ddidi s
tenporal position of.t hf a}o&gsal d positive _and negative pixels In such -
out put vi deo s7Y 1¥6f| oLt FRe, ¥Rdeo, signady applied Asiany iamuwetta s

rel ated t bt hepii¥el abwobutef vagper meians BounEon Featut® §Md masddte and
negati ve pi-xel puL.vide I gnal ,fro Lxel_ sultraction neans
902. In pract |€eee&r:r%$§ @gﬁpﬁéx égcjﬁsg'p%og P@Xteg]&%f‘%‘r ﬁspﬁa 'Yng&iﬁﬂ ve
feature det ect@¥ sheggtivenpnoaddition toy avdevel saimel.esPixedh absolute
sophi sti cated $Qf TN r provi ;
sel ect abl e intqlegra nuf ée?gi(:)t E??g%ogebgéggbg?\}\qge. elytag:telsnﬁ’u e}ﬁc&x %t}txﬁu]t (to
permit slowy bvHMy Vifeersignalelnpyti theretedin agcoadances withotjtect s) ;
(2) tempael fprédétermiNédr tfansfer fupeitiah.! eEROkRe e &%aﬁSﬂﬂﬁ@
t he foregoi ng di scussi og, it.1S EI ain that the mage represent e y the
digitized vi de"or%%f%# \“é?r{'%%r ENYES; anyy PRxel PPaAT Ity d nfesmadidioned
novi ng- obj ect thi@gemay &pe epreseti andhprovlides’ at vi@ed0 sigaalodutphit of
FI GURE 9a by the ol ut . Vi d%.sﬁgnalhfrom gi )ﬁnl su tr.actlt%n apns 902. Put
anot her way, p%(%’f é’ﬁ?ﬂr’e&ﬂ’ Che8ASoBiXednihsRers 1§ A &P\g‘é e OB+dunt
of data preserfis iabsdikutéubsvel nugdudi gi Thztlevsidmplesgnelaskr,onhisur ce 60Qy)
and substyanti L N I 2 r a f t [
rel ates tl?qstgét#go%%r]%/é}&%‘g%sf# P ?%gbg%lgaa%eéw go-ﬁg?g?]'algéﬁgggzbyr{ogﬁ%t
bei ng repr eserkh®l RHlartpliPhit the geerspgrandingnppred| appddedctootbeneans
902. input of pixel absolute value transfer-function means 604.
In this simplest case, should each pixel of the video
signal input to pixel absolute value transfer-function

20 means 604 be represented by a binary number in which the
most significant bit provides poiarity information, and
the remaining bits_ provide level-value information, means
604 may operate to provide pixel absolute value by merely -
dropping this most significant bit. In this case, the

25 transfer _functio_n' of the absolute level value of pixel is
unity. '

Alternatively, means 604 may utilize more
complex _transfer-‘functi'on operations to derive pixel
absolute values, for its output video signal. For _

30 instanc_:e, the tzjansfer function operation may compute a
square function of the level value of each pixel of the
input video signal thereto. P_ixel absolute value
transfer-function means 604 may include signal-processing
means (which may be adaptive) in the form of a look-up

35 table, amplifier, selector, compressor, etc. for providing
some certain transfer-function operation on pixels of the
video signal input thereto. Such signal-processing means
may or may not be responsive to the polarity of the



-19- The output video signal derived by feature of interest detector 602 is
applied as an input to pixel absolute value_ppansfer-function neans 604.

The | evel of each pixel of the video signal applled as an input to 5

pi xel absol ute val ue means 604 fromfeature of interest detector 602 may or

may ‘not have botfeépwtﬁ%ty:.{:epélébmgrﬂézﬁggahbvghph'& ¥ddiebl 83 ghaiateevel
val'ue. Pixel "ab %ﬁ% %§+ue ansfer-functi on _neans 8perates n each
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predet er mi ned t rkewgkrthveshodad. meanstﬁervpryvhdang,zehbsvhaaasueweﬂsnﬁbmon
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val ue is pr OIOOFtﬂKE@'héwﬁbtiﬁ akyéiuve! yevébwameé bEQoQOIaa{oHe&teEm&h%d
correspondi ng pixel, I|ed o the i 8#%6?% EIXE bsol ut e val
s

transfer-functi &t ?5 ? heva °€a§8mp§ﬁ§§Fﬂge§9ﬁ pamperyef
the vi deo S|gmmgraxhscalnriexélahabhaSeoﬂathe signsfscahunpﬁxemsZQromneans

rovi des ol ari (T AEE ok Yo e e tockil "Pos "FrliBEbnY, P thER keBliins
i nf or mati o0 nedihe coupuny obcimaget@apabyvi de pi xel absol ute val ue by

nmerely dropping this nost ?Uﬁﬁl C e
function of the absol ute I‘gévgilhéi dbilE)lF)‘(ie 'S ﬁmtéa&hAf)?er'ﬁg FS%PQE%E%

means 604 may ut¥¥deR: ShAmAak ARFR4L ?r cfeature of XBE?EFFSnQeFSCGQH 682

pi xel absol ute aldigaixérabscloté Prale deeans 0604 . r&LaiR0P, NPt apiRelkhe

~ transfer functl eﬁo&%ﬂ%on may conmpute a square function of the¥l evel
valuye of each piX ‘e input video signal thereto. Pixel absolute value

transfer-fd¥cti on means 60Kt kg ¢oncedtcablerthaprthespirglacafisthenfentunyg
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(i.e., all pixels necessarily having the same polarity).
In this exceptional case, the feature-of-interest detector
20 might inherently perform the function of the pixel
absolute value transfer-function means, as well.
Nevertheless, in order to remain general, it should be
understood that the separate recitation in the claims of
the feature-of-interest detection and pixel absolute value
25 tranSfér-function functions is intended to also cover the
aforesald exceptional case.
/ - The output video signal from plxel absolute
- value means 604 is applled as an input to convolution
filter/decimator pyramid 606. Convolution
30 filter/decimator pyramid 606 is generally similar to the
prior art pyramid shown in FIGURE 3, but differs therefrom
to the extent that each stage thereof omits the
subtractions means, the expansion and interpolation
filter, and possibly the délay means of the FIGURE 3 prior
35 art. Thus, each stage of convolution filter/decimator
pyramid 606 is comprised of a low-pass convolution filter
and decimation means and possibly a delay means. The G,
output from convolution filter/decimator pyramid 606 is



may or may not be responsive to the polarity of the -20- respective

- pi xels conprising the input video signal to neans 604. By way of exanples,
means 604 may include a | evel -threshol d neadd=for providing zero-val ue
levels for all pixels in the output vi deo signal therefromwhich 5

correspond to plxels of th o_si.gnal .thereto that have an
absol ute | evel SRR ét%g ¥%fﬁ?ﬁ§g RieGHpa ﬁ@/bPPthU&ﬁPPzer f or
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a given case cd¥ Hhrnt Qelay, pxcthengasagmay bedhes the Fivet .
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exceptional case, the fegjure-of-interest |nheiently

performthe function of t ?%ft%$§%ﬁﬁﬁ v%}€%°t$%ﬁ§?%n%§ﬁﬂcPF§ﬁ means,
as well. hbvermmso&ute|valuekueamsr@MﬂprnEEeﬂaés ah £ﬁputdtbe under st ood

detect i onthd GOROTHSn (1 1vks Mol @iy boykalfia 80 (s PoomPEEREd)
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stage in pyramid 606 1s a low-pass f;lter having a nominal
upper cutoff frequency lower than the nominal upper cutoff
frequency of its immediately preceding stage of pyramid
606. Further, the decimation that occurs in each stage in

20 pyramid 606 reduces the number of pixels (pixel density)
below the pixel density of its immediately preceding stage
of pyramid 606. Therefore, the Go input from pyramid 606
will have -the highest pixel'depsity (Px e PY pixels per
frame); the GN output from pyramid 606 will have the

25 lowest pixel density (P' L P'Y pixels per frame); and
each of the outputs G1 .« o e GN 1 from pyramid 606 will
have a pixel density below its immediately preceding G
.output and above its 1mmed1ate1y succeedlng G output from
pyramld 606. '

30 From the point of view of the respective images
represented by the Go . o e GN outputs from pyramld 606,
each pixel of respective outputs to G1 - - - GN'represents
a larger locallzed spatial sub-reglon area of the image

_ than does a pixel of its immediately preceding output from

35 pyramid 606. Furthermore, in the‘case of outputs G, .

Gy of pyramld 606, the level value of a pixel
correspondlng to a certain spat1a1 sub-region area of the
image represents the integration (sum or average) of the

v



35 art. Thus, each stage of convolution filter/decimtor pyramd 606 is
conprised of a | ow pass convolution filter apg.deci mati on neans and
possibly a delay nmeans. The [err] output from convolution filter/decinator
pyram d 606 is -21- conprised of the unfiltered, ‘undeci mated i nput vi deo
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owest pl Xe e s £l - i) t t
ety eI e VL BEE RGSHTNIGRAY ERRR BhobgRold Pith
i mredi at el 1 3r ecutiien) © conpress dthibeundesirabdei inerg¢asecidsedyngmic

L 1o, e MO, 0 gty peceFGREYES pileiest shbpeatisatne
LT ut put's
.606P : gof eé%h integrated pi;el iy a facLor Lf twb to four ahd
' ‘then limit the multiplied level value to a predetermined

. maximum level value.

20 ' Respective outputs G0 . . . GN-l from pyramid
606 are applied as respective inputs to movable P'x e P!
window gates 608-0 . . . 608-(N-1). Window gates 608-0 .

. 608~(N-1), which correspond in structure and function
to window gates 204-0 . . . 204-(N-1) of FIGURE 2, are

25 moved in accordance with window center control signals

_ - from the computer. Thus, the respective outputs G'0 .

Sa’ o G'N-l from window gates 608-0 . . . 608-(N-1) represent
localized sub-region areas of the image, each of which is
comprised of P' . P'y pixels of its cor;esponding output

30 from pyramid 606. Sinee Go'represents a higher-resolution

(a greater number of pixels) image than the image
represented by_the Gl.output from pyramid 606, the size of
the spatial sub-region area of the image represented by
_the_P'x L P'Y pixel G'o window is smaller than the size of
35 the spatial sub-region area of the image represented by
| the P' e P' pixel 'y window. In a similar manner, the
size of the spatial sub-region of the image represented by
‘each ?'x o P'y pixel succeeding G' windpw is lerqer than



each pixel of respective outputs to [err] . . . [err] represents a |arger
| ocal i zed spatial sub-region area of the inage than does a pixel of its
i nedi ately preceding output from35  pycagld 606. Furthernore, in the
case of outputs [err] . . [err] of pyram d 606, the [evel value of a pixel
corresponding to a certain spatial sub-region area of the inmage represents
the integratiothdSuof oitsvimaedjabélyhprecediig GAvetindawues Holvevdr,t s -

respective pi S e cgdi p m g 6Q6 g/
whi Eh occups %&él(g;e\tl;%%l 1nhspa I a ézb%gglelinggr Htt ﬁ?&' 8?%%3‘% 6%@ rSsult
of such i nt egreMRFLFed (@f PR Pyl 9 B'y PhKﬁéEsPetrhSI‘mam Thusngdhet

pi xel |evel \Néntite spaPial i £&gdbn aréhnGEetﬁegﬁhEbEaEE E@ﬁ%hs%%k%%.bﬁglte

pi xel surr, d zel ]evel v Iu pi xel s Integrate to a
| ow | evel &3‘ grg bikey PIFF+R & %FI Givl ?1985 I | zed cl uster of
si gni fi cant Ievel vaJLmthsr¢' | xel s. 16! fﬂhhdl %egﬁabﬁttvlaeﬁubhgnhﬂgh

exacer bat d | AAEE RPTEbd *fgd@é*?'f’ﬁﬁgfai@?éﬁ? RESRFOFycPoPRRIEE J02

exacerbated if. %A pi xé
above thresmMQﬁnuhﬁtpﬁpgiimm t® (L)rlopakel theavespeghivecspatiale

val ues ”“Ch|qg¥€?t£JKE‘cf' f?'ﬁhoé@ éértleﬁﬂﬁr #ﬁegogﬁrﬁﬁé ﬁh's

undesirabl e i ase In nam=< ran necessar nuFtwpIy
the | evelOal Rixgleoh the éb@a‘{-'e@le%l&'étpﬁy §1g§élothét exbi btf our and

then limt thelrgaiﬁ&md ANSlutdl vE1EE PePePaSt 8RY ?9’ fRg hMige! engks
val ue. 20 espective out [err . r rom pyramd 606
are applied aéqgﬂﬁﬂﬁﬁ§QHa?9uﬁH§F?§F£&ﬁ£$I%°V%eFFf re ﬁLbHGeleQBWO Co
608- (N-1). Wrgkmsga&w-ﬁﬂ&p . 508-0849, MIchrﬁprtGSDaednﬂeswnuﬁtur_e U
moved 1 accor b 4 e Teso1anfot the indhe aRLR chatdifish: ip.
Thus, thd5reseaal of dhese spakker and .Spaller spabiali subvreggien 8peas .
L 'CﬁO?S( N-1) gfeRiHRs Saged i £i45cl BP-&&ch Oafaﬁﬁésaféreg'gla nBQFtlSﬁerOf
GN pixels that exhlblt significant absolute value levels.
Further, the fact that the G', . . . G'y-y and Gy output
video signals supplied to computer 102 are comprised
20 substantially solely of the relatively small amount of
"interesting" image data (substantially all of the
_"uninteresting"'image data in the original video signal
from source 600 having been removed) makes the programming
of computer 102 51mpler and its effectlve speed of
25 operatlon faster. N
Besides being programmed to control the movement \)
of the spatial w1ndow gates, computer 102 also may be
programmed to provide further fine-detail and/or complex
analysis of the reduced image data supplied thereto by the
30 Gy . G'N l'and G, output video signals. Such
analysis may be based on the spatlal frequency content of
the particular image data supplled thereto, for instance.
Consider the assumed case in whlch video signal
source 600 is implemented in accordance w1th FIGURE 8a and
35 feature of 1nterest detector 602 is. 1mp1emented in
accordance with FIGURE 9a. Assume further that the
embodiment of image data reduction means 108 shown in
FIGURE 6 forms part of a surveillance camera system, in



conpri sed of [err] pixels of its correspondi ng out put 30 from pyramd
606. Since [err] represents a higher-resol+24-en (a greater number of

pi xel s) image than the inmage represented by the [err] output from pyram d
606, the size of the spatiat sub-regi on area of the image represented by
the [err] pixewhiehr itviisddesisediiq énaumlrilx hedentifyfthe relasivpati al

sub>regi on areasghtids 1ERALIGH ﬁ%ﬁw fécteridupinotnd capbalibndan

simlar si,ze espatla sub-r e Il m
represented by €R& 13P~eFP]91°B ing,seengd, P awF W‘F%Wa?g’é?réh&hat

. |2?éJ RtE hgt ?fel Eefbméfahfl'?wq*@ C%lo%w dedgnabvesrtainsngnBotht ed in
ou r am

pi xel s per gran@ RS %tﬁ§%§ﬁ4ﬁ%f [éhq%ﬁt$2 Q€E¥ ég;ﬁfsPﬁ %ﬁaﬁ%gﬁgk

r[egrefent ed by In thli]s ba:swe],tmheel"daus‘y't hamdge rvidegnedgndbheffemr yideo

102. Therefore, g&%ﬁﬁh 5%% c?\gr?d r‘%{gﬁ aidﬁlf-g&%}l?ﬂ o%%’?gl ﬁ%gfgg‘gé‘c Ive

spati al p05|t|on9 displlay ﬂﬂdsdfﬁﬁﬁﬁﬂkduh; ones of the [err] 10 pixels of

the GN video output signalgdiiadlerSXlftidr ﬁgﬁégf@ﬁ? aéﬁglyﬁg ¥aigebevel s,

and (2) then use this |nformat|orf t 0 successlve spec I ve

wi ndow gat 3@ 608igral) deriveds@d- d:he putRut 23} P-b’é%ﬂ- i Q}és%‘elﬁegVé uer meays
greater resol ut ggg §B€ noAGHgEH mﬂs‘}at ne@hl dorel&biveDy FERSOfSthel @

and smal | er spatlal syb-r.egi on eas t h

af oresaid parti Bufgr pageds per ta"'ll'%meeﬁf‘r. :T‘S%*Y%‘;n‘fl‘gﬁggﬁgsgﬂal &tga%

ls?\éﬁlalss Furtlherge: pef acﬁi?ow&ﬂr]exhlbg[msc}l?gd valug develds thado-
supplie 0 _GO er &8 sianbh I @

the_rel ati vel y ars Figng ALY e nép%goé  pef . ffang e

of the unnatersabsmghtna&;y(tﬂnnﬁvaluﬁdzﬁkzphal vEmEiDiiggathrgﬁ1sgu?ce

500 havi ng. boen s SamiEdled e Tid pIUAHE Thvbn Elof STBULEE 184 abBRST and

€e era

its effective s
computer 102 (startlng w1th lowest image resolution

spatial position data provided by the GN video output from
pyramid 606) is able to control the centering of each of
20 window gates 608-(N-1) . . . 608-0, in turn, to thereby
' locate with high resolution the spatial position of any
object within the area of the wide-field-of-view image.
Computer 102 can then be programmed to use this
high-resolution spatial-position information to generate
25 one or more feature spatial position.indi¢ator symbol
, "~ video signals (e.g., representing, when displayed, a small
s square, circle and/or other small predetermined shape
symbol) which indicator symbol video signal is combined
with the "busy" imagé video signal in mixer 610 and
30 applied as a composite video signal input to display 112.
| As indicated in FIGURE 7, display screen 700
display 112 includes the display of one or more feature
spatial position indicator symbols superimposed on these
display "busy" image. In the case of the '
35 survelllance-camera example being discussed, the locatlon
of each feature spatial position indicator symbol on
display screen 700 indicates the particular spatial
position of a moving object within the spatial region




Besi.des being programed to control the novenent of the spatial w ndow
gates, conputer 102 also nay be programed to provide further fine-detail
and/ or conplex analysis of the reduced iwg@gs data supplied thereto by the
30 [err] . . . Jerr] and [err] output video signals. Such analysis may
be based on the spatial frequency content of the particular inmge data
supplied t herkeing fviewedt hyc&heCsmmﬂltahE:@aszamm CcaLonputdr Q02 imep

signal sour ce, B9 5&(%?]3?6 tbn 1%%9:@‘1%%51 fcordgﬁgagcw 3

feature of interest 1S FI GURE-‘
9a. Assune fmmgtlha%whe E&Béa\umeﬁpe@ﬂ i(fade vdaﬁaa]-]r%c]tqwsmeaméeqw

shown in FI G¥imlss fmév¥Engaih Qheabwé\z@,l ledi2c9 wnarvan?d/%aqrae 'ﬂarms 24-
which it |redtovsuaé¥ deni} t he relea]lves tbj;on of
Toving off ectALFt HEHRPHESE, Lir%oPaY Bis.brontAeRh o SRITA ikt

tel evision cam.’samtwmmpaovaded movtmgy ‘obijeade is Mez:tggtb,l tlmwi&byn ng bot h
5 nDV|ng a I case,
t he "busy" [gr éﬂdﬂg S gng#> r%o%r?]ww ge%xtsapfd'?lla aé; %&s appq

t hr ough ni xern@l@ the awhergabougsdodpany gzt@me(mt} Regition af t er

processi ng, t{miagg@rvggﬂgoiothe&gﬁal derlved at t he output of pixel
absol ute-val ue neans 604, js no | on 9% ogfﬁ relatively few of the

[err] PR xel s per fraAERSE EXARD Slsl dnteyest dgtestor
novi ng obj ect§ozxdu®i patbeshwshapel fealtarel aeuﬂea:ttoar SOPLONIFIGURE 9y | the

I f t ant I
ol oyi ng. |+ heanst i et spEaaEalEkE el Ao, RARRl etk AT RAS (FHRER 9.
conputer 102 Astimdicatedt bn| BIGUREI Bbgepa&&elrunt-lmpsqozﬂeaaﬂuqmgidtmmt a

provi ded by tgw, e{éé:%aggo ogfaeléggb_ggg%r %%%16%)“&4&&~ % Irﬁg}%rol t Qg

centering of eac n
t her eby 3catgenexates g 1esalizrsnsehe ofpRixglspddiat slefimeard; obj ect

within the argpseddtéhfiMbdephteeenOEh4peY | Mhee generator may be capable
of generating only a single predetermined shape or any
selectable one of a plurality of predetermined'shapes.
Further, the size and/or orientation of any predetermined

20 shape may be controllable. The selection and control (if
any) may be manual control and/or computer control. In
any event, the output from pattern shape pixel generator
904 is applied as a first input to correlation means 906
and the digitized video signal from source 600 is applied '

25 as a second input to correlation means 906. Correlation
means 906 derives an output video signal therefrom in g;j
which all features of the image represented by digitized
video signal 600 are removed except those features having
the predetermined shape'generated by generator 904.

30 The oriented-direction feature detector 602c of
FIGURE 9c includes one or more directional filters that
are capable of detecting those edges in the image
represented hy the digitized video signal from source 600
which lie 1n (or at least close to) that dlrectlon By

35 way of example, FIGURE 9c¢ shows four separate directional
filters 908-0, 908-45, 908-90, 908-135, which may be used
to analyze the image represented by the input video signal




Cbnputer 102 can then be programed to use this high-resolution

spatial -position information to generate 25=26ene or nore feature spati al
posi tion indicator synbol video signals (e.g., representing, when

di spl ayed, a small square, .citcle and/or other small predeterm ned shape
synmbol ) \é\,hi ch i gw‘éﬁ?_ ‘59négﬁzfmageéghgnarei_sngenmfnebum_:tch_edbes‘_' 5hsy‘Ein

i mage vi deo si gnghat Mave eénéldr an : b8 o 0
sﬁgnal input to display_lé%? €§ indica?%ﬁéﬁg Eﬁcﬁgétgéigpggﬁg§s§§Pe§n 700
di splay 112 includes the df SpFAFeoPLoHREeF ﬁﬁréeféﬁFefe_QﬁaﬂﬁXI pkei otber
|pd{ﬁatgg synbolﬁp?T$ethmmOBhds@nspécfﬁidaﬁmyaghohnsYndFm?EREF|9a§h9b0%?@

o e ur v c ex _pei i.scusse ocation

each featuré§spa‘#alaﬁggFﬁggﬁéfﬁﬁi o&egﬁﬁggg Sﬁagpgﬁlgﬁysngﬁn%?OBee%

i ndi cat es the pawereuthansemeictipesionon Phus, nonengoubdeempdoyhanfelature
spatial region -4 | L S L LI : . ter
102 may al so be %fr. Oﬁg!?%%%%ﬂ??ﬂ?%?ﬁWﬁ%%?ﬁg&%%%é%%Saﬁggt ﬁg?gﬁﬁo.‘\?}ﬁ%mgél.ow a
m ni mum speed ( é?ifl;ngaﬂl_li’ﬁ?@d?medrﬁét erpsshapenthat ineorienzed dnca)
Lo oo 2l se Barescuferaixeseron! C'rAG UBY PEIRLOSEAOTR be tAUNd an
audi bl e al ar, en a valjd novjng object, i etecte ere ro in e
oper at or tg‘dgxarRW?ﬁg p}%‘{F%H%'gn a%g %E nb?.el‘m%rtiﬁm;eé%oﬁ?gtoggéﬁ?%e
feature spatial gbsinterestdetectorsydtd| rémevesnsubftantially allGbliethe
exanpl es of feat . | § C t -sh [

det ect or 602b (E%@%%%’?or%fe#%&gé?%ﬁ ?@ét ﬁ'ﬁ'gg%efg@féggﬁgﬁg by
(FIGURE 9c). As thelidigitized Wiglewr signaht frem- soupee f €00 ur beaeirgt onlgo2b
includes a patt g ShfDGefis®© ngeEd €l OEo?g? fapthdr op&PREEA!6S é‘m%he

lggﬁgr :attzg? S&% g&% ?ﬁg gfgqeié‘&teqfﬁag{)éﬁ%y Srg} ggﬁepgr tegcra_tnersrrhaggd shape or
any sel ectable one of a plpurthdy, ofidecdeigial NESuEEEPE60 Mayt beke hbLe
size and/or 0“‘%Eﬁ%ié¥‘ grﬁ%“%ﬁgﬁﬂgﬁé¥rgﬂgﬁh in FIGURE 8a. For instance,
as shown in FIGURE 8b, the spatial frequency spectrum of
the video signal from imager means 106 may be analyzed by
20 the structure shown in FIGURE 2a, and the digitized video
~ signal from digitized video signal source 600b may be
comprised of the output from a selected one of memories
206-0 . . . 206-N. Alternatively, the structure of FIGURE
2a may be replaced by that of only FIGURE 2 or, even
25 further, by only the A/D and spatial frequency spectrum
analyzer of FIGURE 2. 1In these alternative cases a
W selector switch would be required to select one of the L'
or L signals. )
' Further, video signal source 600b may be
30 cdmprised of selector switch 802_for selectively deriving
 the "busy" image video signal either directly from the
video signal imager means 106 or from a digitized video:
signal output from the structure of'FIGURE 2a.
A still more complex video signal source is
35 shown in FIGURE 8c. In this case, a digitized video
| signal obtained from either FIGURES 8a or 8b is applied as
a first input to selector switch 804, while a selected one
of the output video signals G'o .« e e G'N-l' GN (FIGURE 6)



20 shape may be controllable. The selection and control (if any) may be

manual control and/or conputer control. In any event, the output from

pattern shape pi xel generator 904 is apM|1iVas a first i nput to

correlation neans 906 and the digitized video signal fron1source 600 is

applied 25 ag_a_second | f!ﬁé;correlatlon nmea Correl ati on neans
I

s,
906 derives anlﬁufﬁﬁPr§Pag bagk.ag (3 RGP |%9P%Glt?e§?h?€§°5f the -~
i mage represenswitbh 80§|t|80decthx)swxxdﬂ eﬂﬁ)r361héﬁﬂwpdr8téep(eiﬁﬂé? v/

f eat h 904. 30
Tﬁg g;?Zntgglgﬁrég Reﬁ 3nkﬂ§g?§%?g eﬁbigkégnera ﬁ%% one or
nmor e dlrectlonﬁlgﬁﬁlﬁeﬁ§ ﬁhﬁ:dﬂgitiQQQNWidﬁO(ﬁﬁgnalrgptpu%efndgewldeothe
| mage reprgsensggniy L-.Bﬁréw'efdoﬁ-?d \Tﬁ?%x%ngﬂ%fsf&f@%k? @QQJr“Qa@%g

in (or at Ieasé e t 0), that rection
9c shows four Q§ paPHNq L ne FIGURAS qu'té%athF %nﬁt g@geng@edg'gg 11@5

whi Chl may & be ueaﬂahst&vel yé@o@dnsmﬂfbh g efq‘ﬁi&tei%ﬂa/l tétfuwﬂlénﬁ ! Glfothe

si gna eterm ne.the pre o bj ect es therein

t hat have one giaﬁﬂ %g§§8&|ﬁ°&59ﬁ3 3ﬁ?§ h&gg i nt er est
det ect or 602 nimplementedebyf ar H‘i‘axiwut'hdxeespﬂmﬁhmi Iqaaho(/uslrlélvﬁhCMRES
9a, 9b angla 5 c u l te qay have tp neet re
t han oneng(r)l te?go%nlihgaﬂsagfggﬁt% g'drrp%ltl% a%fléﬁ}ge fO i hterest Nkl eﬁ%o

whi ch detects Gﬁlgfrrgvfmgstbf‘ém&watg:wmmdeua rAppeldiexhtd s ran simgpet t hat
s oriented | hvfaes’ bighha! £dl Hes! oW é:eb%'Patt%at i dHal/ L PiHe e 10

present invention I's i mport ant gat ure of est
det ect or 602 r%ﬁﬁWGEugﬁbstantlally all of the " unlnterestlng dat a i ncl uded

in the imge represent edwhgnt hemdire ex %Q-::ﬁl@ahdé&ra SRET S A0be o/
eaving U oo LHUGASTLLAE, (81 b ol VBP0 o
conpl ex forns démive htheshbusy!nvideoREigmalFdor thieantissplay from the
computer or a memory associated with the computer, rather
than from the video signal source itself.
As shown in FIGURE 6a, the embodiment of FIGURE

20 6 may be modified in the manner similar to modification ef
the FIGURE 2 embodiment in FIGURE 2a. Specifically, each
of the respective video signal outputs G'o . . . Gt N-1 GN
from FIGURE 6 is applied to a corresponding one of P'

P'y memories 612-0 . . . 612- (N-l) and 612-N. The _

25 respective outputs.from these memories 612-0 . . . 612-N
are applied as inputs to selector switch 614, which, in
response to a switch control signal from computer 102,
applies a selected one of the inputs thereto to computer
102.

30 ' It 1s believed preferable to implement the
present 1nvent10n employing digital components, rather
than analog components. For this reason, the preferred
embodiments of the invention described above are
implemented with digitallcomponents. However, it should

35 Dbe understood that there is nothing that precludes the
present invention from being implemented_with analog
components. -




as shown in FIGURE 8b, the spatial frequency spectrum of the video signal
frominmager neans 106 may be anal yzed by 2828-t he structure shown in Fl GURE
2a, and the digitized video signal fromdigitized video signal source 600b
.may be conprised of the qutput from a selected one of nenories 206-0 .

'206-N. Alternatively, th&FWheEgrehble nrgeromeans beér apl desgripedhas of
only FlI GURE 2 ®eirgy Comprisédréfed . méoShtomé her ALLL8RItaRRY 8k ob €quUency
sp\ee«trum anal yzer aof_ FlI (gégl% 2. In thﬁi‘g _E\][lternat ive cases a selector, switch
woul d be requi FEPEES s e $fudhty Lthe case; ghbesinpyk; Kddeo, sdgnal

Si Ignal _ SO:JI’ cg 6@ almo toe ﬁbri\wdrpftmd%tlﬁesetyp?@ros\é\imﬁgeQOﬁelbﬁEf, suchh
sel ective erjVis N Y d i ignal _either direct romthe
vi deo si gnél i r?asgépgn%%%fcg@aoqé%%éﬂi%g'l'ﬂ’geﬂ"%?ﬁﬁomgﬁﬁﬁal 15‘5‘%6& from
the structure SfaRsGeRPlRYing an |army £ ppessure deensogsatosprovédes ads
shown in FI GUJ iwo-ditfendi shal t¢£864 v d Egpal 4obt al rom
ei t her FI GUREggggggr dft:éi?“goppl i ecf!%fls&?agjf i?st |¥%u‘?f?%asg€égf6r§g\?m??gk 804,
while a sel ect &8XSvEeds tq4'é"output video signals [err] . . . [err] (FIGURE
6) -27- is recursively fed back as a second input to selector switch
804. Selector switch 804 is then operated (either manually or by conputer
102) to enploy one of these signals as the digitized video signal output
fromvideo 5 signal source 600c. The exanples of video signal source 600
shown in FIGURES 8a, 8b and 8c. are not intended to be exhaustive. For

i nstance, a functional equivalent of the video signal source shown in

FI GURE 8c, could be inplenmented by a "fan-out"” tree in which each (or even
one 10 or only sone) of output video signals [err] . . . [err] and GN of
a first FIGURE 6 structure, is applied as an input video signal to its own
separate additional FIGURE 6 structure. Wien a nore conplex form of video
si gnal source



15 600 is enployed, in sone cases it may be desirable to derive the
"busy" video signal for the display fromthe conputer or a nenory
associated with the conputer, rather than fromthe video signal source
itself. As shown in FIGURE 6a, the enbodi nent of FI GURE 20 6 may be
nodified in the manner simlar to nodification of the FI GURE 2 enbodi nent
in FIGURE 2a. Specifically, each ol bge.respective video signal outputs

~

[err] . . . [err] fromFIGURE 6 is applied to a correspondi ng one of [erﬁhg.
[err] menories 612-0 . . . 612-(N-1) and 612-N. The 25 respective outputs
fromthese nenories 612-0 . . . 612-N are applied as inputs to sel ector

switch 614, which, in response to a switch control signal from conputer
102, applies a selected one of the inputs thereto to conputer 102. 30
It is believed preferable to inplement the present invention enploying
di gital conponents, rather than anal og conponents. For this reason, the

preferred enbodi AMBending Patant: ApplirationB604884 (GR-ATHI&EMIE R with
di gital conponenigiainveMerits tidepenticit cReimdder sMPOp; that there is

not hi ng that precludes the present invention frombeing I nplenented with
anal og conponents. -28- Further, while inmager neans 106 is described as
bei ng conprised of a nonoclirone X imdge detLuteduwdt ionwaiethodi £r igse

usual ly the case, fhe input videog_signal al so be derived fromo her'

Evpes of imager S aBUkhpYt VEaepoRianaT ) renERsRRk nHsA RolaEL RLTor

nmeans, infger nednigkeppavial-sesolutjoni widesfieldeofeviewoipagei de an

| mage of a two-di gl PDAGRASHLEE bChletest giiUh AGRLLENDY BlxetS
said method comprising the steps of: , -’

analyzing the spatial frequency spectrum

of the image represented by said input video signal

10 to derive a pyramid of Laplacian images represented
by a plural number of separate video output signals,

thaf together represent,ah ordinally~arranged group
of contiguous subspeqtra bands of said image spatial
frequehcy spectrum, &nd a Gaussian remnant wherein:

15 (a) the first band of said group exhibits
- said relatively high spatial
resolution and is
comprised of said first given number
of pixels, and

20 {b) each other band of said group
! exhibits a lower spatial resolution
and a smaller number of pixels than
its immediately preceding band of
said group, whereby said last band of
2 ' the said group is the Gaussian
remnant and comprises a second given
number of pixels which is the lowest
. number of pixels in any of said bands
of said group; and '



‘Co- pendi ng Patent Application 8604864 (GB-A-2187356) clains inits

| ndependent clains 1 and 7: 1. An i mage data reduction nethod for use
W th an input video signal representing a relatively 5 '
hi gh-spatial -resol ution, wde-field-of-viewinmge that is conprised of a
first given nunber of pixels, said=-n3@hod conprising the steps of:

anal yzing the spatial frequency spectrum of the inmage represented by said
i Rput vi deo signal 10 to derive a pyram d of Lapl aci an i nages

represented by a plura r of se arat e vj deq, out put - signals, that
together represent an Eﬁéhégbﬁytg?r §€d°§rﬁhﬁ g%elen?fgﬁbﬁg subspectra
bands of sal d |n&wpﬁmneédquuenheasﬁecﬁétmhnandfas&asgraﬁ rsymant

\rlvgle;ﬂ \r)el y high s%%ﬁ#a?gr%s%é%%*%%ii %éi%gﬁgr?@%ﬁegfog ’gxg?'gs‘#g: E/Zns_al |

nunber of pixel s,thati @e band through a $p§tiehchindbe; sapd stbsetd group
exhibits a ISower spabi é85§5 gsgﬂtéfdnamﬁ pﬂH Ertﬁ% péé &s than its

imedi atel y precedl group, eregy | as ban of 25

the said group |sSQ¢@B¢b§ ¥eannvwmheEnt and conprises a second given number
of pixels which is the | owest nunmber of pixels in any of said bands of said
gr oup; -and - 30 - reducing,the size of the field of view represented by
at | east one band of said g?g%p by passing a spatially-localized subset of
pi xel s of that one band through a spatial w ndow, said subset conprising no

reater nunber of pixels than cond. ven nu
9 P 4. f; éieé%ronl camerargkr der1v1ng a

data-reduced video output, said camera comprising:

Y, 10 a high-resolution, wide field-of~-view imager means
for deriving in real time a first video signal
representiﬁg all the pixels of each of successive
image frames of the spatial region being viewed by
said imager means,

15 means for analyzing the spatial frequency
spectrum of each image frame represented by said
first video signal to derive a pyramid of Laplacian
images reptesented by a plural number of separate

20 video output signals that together represent an

ordinally-arranged group of contiguous subspectra
bands of that spatial frequency spectrum and a
Gaussian remnant wherein:

(a) the first band of said group exhibits
) said relatively high spatial
25 : . : ‘ resolution and is comprised of said
' first given number of pixels, and



-

and 7. An el ectronic canmera for deriving a data-reduced vi deo output,

said canera conprising: 10 a high-resolution, wde field-of-viewimger
means for deriving in real time a first video signal representing all the

pi xel s of each of successive inmage frgngf of the spatial region being
viewed by said inmager neans, 15 - means for anal yzing the
spatial frequency spectrum of each image frane represented by said first . ™

video signal to derive a pyram d of Lapl acian inmages represented by a \4)
pl ural nunber of separate video output signals that together represent an
20 ordi nal Il y-arranged group .of contiguous subspectra bands of that

spatial frequency spectrupbyndegcﬁhggﬁégnbgﬁﬂ?gﬁts&@&rg#ggg(é*hiﬁftéirst'

band of said group exhibits said relativel spat |
resolution and is conprised of2skPHeF; FRRtipLcReRatEionfandxal s, and -

31 - (b) each other band of semalyepupumdéi bbEsSpaxbduethgraitgl resol ution

gnd a snall er nunber of pjXSLS?@ﬂéaiéﬁéliggfgégﬁghéfBégﬁggtngﬁggnd ?L sai d

_ , gr oup, € _ ( r S e
Gaussi an r®mant and conpri sesgroypgowblegebynsaiidbtastdf bandeds séiléh is the
| owest nunber of pixels in any, | | d

‘group; and neans for reducing ?ﬁéuéf%% g?g?%%e%fggé 5 9?%%/?%%resented by
at | east one band of said groupeRBrisey aserepdagiyeniaurberoedlized

subset of pixels of that one b?ﬂﬁg 1 GHDEN 21 § PEhé 2 oWk € ONumB &t do g UbSEt
conprising no greater nunber o .glfels t han sgl, . .
_ pPixels 1n any of said bands of said

10 ' group; and

means for reducing the size of the field of
view represented by at least one band of said group
15 by passing a spatially?localized subset of pixels of
that one band through a spatial window, said subset
comprising no greatér number of pixels than said
second given number, to thereby derive said video
output from said camera.
20 _ _

We disclaim from the scope of claimsll to 6
of the present application the method of claim 1 of
co-pending application 8604864 and we hereby disclaim
from the scope of claims 7 and 8 of the present

30 . application the foveated camera of claim 7 of co-pending
application 8604864.
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second gi ven nunber, to thereby derive said video output fromsaid canera.
20 W disclaimfromthe scope of clains 1 to 6 of the present application
tthe nethod of claim 1 of co-pending application 8604864 and we hereby

di sclaimfromthe scope of clains 7 and 8 of the present 30 application
the foveated canera of claim7 of co;pﬁ di ng application 8604864. 35 -
32, - CLAIM5 1. (Subject to the foregoi g di sclaimer) an i mage data
re&uétion met hod for use with an input video signal representing a
relatively high-spatial-resolution, w de-field-of-viewimge that is
conprised of aofAfMé 0i ven nunber of pixels, said nethod conprising the
steps of: first processing said input video signal to derive therefrom (1)
a certain output video signal representing a derived relatively

| ow Spatigl _reSOLUt}-On{éO ’ '1hi nMagestisyede eogtuﬁngéi-@é;@lidﬁ&-dimﬁc}aér) an
corresponds to the field. t he g represent sai g 1 nput, vi deo ,
signal, said inmage Jr'%ﬁ%s%%?%dr%@g‘g%@ Jg?ﬁé?‘ﬂ ﬁ?ﬁ' p%?e WHER an gippuberigee
conpri sed of a secosigmal erepresenting pa xetkativélyrhidiarspat tal+resobitvion,
15 nunber, and ; t vid | pr esenti ng

a derived i e hav"l‘%eg%%f%%\s/fen ?vglgﬁ%qé’\%lg# slééf d‘? &rg%%g%pééséenﬁé#%y
sai d one ot her out @iven dewnkeyef rixels:isaid methodicompriging tther | ess
than said relativelgs of: high-spatial -resolution image represented by
said input video signal but larger than said relatively

| ow-spatial -resol ution derived image represented by said certain output
video signal, and said derivefirsBgerocesShentsaidyimpit eidedtditgnal to

U derivg therefrom (1) a certain output video signal
representing a derived relatively low-spatial~resolution
10 . image having a given field-of-view that corresponds
to the field of the image represented by said input
video signal, said image represented by said certain
output video signal being comprised of a second
given number of pixels smaller than said first given
15 number, and (2) at least one other output video
signal'représenting a derived image having said
given field-of-view said image represented by said
one other output video signal exhibiting a
resolution equal to or less than said felatively
high-spatial-resolution image represented by
(% ' said input video signal but larger than said
| .~ relatively 1bw-spatia1-resolution derived image
‘represented by said certain output video signal, and
"sald derived image represented by said one other
25 output video signal being comprised of ‘a number of
pixels that is equal to or less than said first
given number but larger than said second given
number; and '
~ then further processing said one other
output video signal to reduce the number of pixels
of the derived image représented thereby by passing
a spatially-localized subset of pixels thereof

Tl
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25 out put video signal being conprised of a nunber of pixels that is
equal to or less than said first given nunber but |arger than said second.

gi ven nunber; and then further processing said one other 30 out put

vi deo signal to reduce the nunber of pixels of the derived inmage

represented thereby by passing a spatially-localized subset of pixels

t her eof -33- through a spatial w ndow, said subset bei ng conprised of no-
‘greater nunmber of pixels that said~ sédond gi ven nunber. 5i 2. &*)
A nethod as defined in claim1, further including the step of: selectively
novi ng the spatial position of said spatial wi ndow within the w de-fiel d-of

Signal. 3. A mebRbHCHRr FreBaLRBY HLARER,  ¥aid SuBRRE"BRIRE N 1 rer
processi ng step i comprésedhofsnopgueater numbetngffpdxeisu@hahpcaldldeo

signal an ordinal a g f a plural nunber of said other video
signal s, each othé%céﬁg ggggangPHsfgsald group preceding the | ast other

video signal in said group representing a derived w de-field-of view 20

i mage exhibitd ng a higher rosol upi patapd as! ae#eheBUTRCEIREmPIX kR R t he
| mage represented,b nex{ succeeding other video signal in’said group,

and said |ast othéPg§PGéBgsF RaPEPR ©%5*d group representing a derived
wi de-field-of-view imge 25 exhibiting a higher resolution and a Iarger

nunber of pixels than the i ent y n _vi.deo_si gna
and said further proce55|ngg§?83£ﬁ§8ﬁ§dggggﬂ§ §ﬁ8pggﬁ% itR@Fl +8Be8%i ng’
each of said plursai@Ospatiibér wihdowi wishhinr thet widevifdeddsofdnatiewobfsai d
10 the derived image represented by said certain output
video signal. ' v/

3. A method defined in claim 1 or 2 wherein:

said said first processing step includes the step of

15 deriving from'said input video signal an
ordinally-arranged_grqup of a plural number of said
other video signals, each other video signal of said
group preceding the last other video signal in said
group representing a derived wide-field-of view

20 image exhibiting a higher resolution and a larger
number of pixels than the image represented by its
next succeeding other video signal in said group, .
and said last other video signal in said group \;
representing a derived wide-field-of-view image

25 exhibiting a higher resolution and a larger number
of pixels than the image represented by_said certain
video signal; and

said further processing step includes the

step of further processing each of said plural

30 number of said other output video signals of said
group by passing a spatially-localized subset of
pixels of that other output video signallthrough its
own sebarate spatial window, each of said subsets
being comprised of no greater number of pixels than

35 said second given number. ‘“‘-——~——__“__\____
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group by passing a spatially-localized subset of pixels of that other

out put video signal through its own separate spatial- wi ndow, each of said
subsets being conprised of no greater nunber of pixels than 35 sai d
second gi ven nunber. 34 4. A nmethod as defined in claim3 further
including the step of: selectively noving the spatial position of each of
saiid wi ndows. 5 5. A nethod as defined in claim4, wherein the step of
seﬁeétlvely nmoving conprises the step {j sel ectively noving the spati al
position of each 10 of said w ndows ﬁ% ependent |y of one another. 6. A
met hod as defined in claim3, wherein each of said subsets is conposed of
sai d second given nunber of pixels. 15 7. ((Subj ect to the f or egoi ng

di sclainmer) a foveated el ect r,pnl Cﬁﬁ%’rresg’f Qféfl‘ﬂéw e & e gfeff%ﬁqhézdeo

output, said canera conpr|S| q} ution, Vi ew
i mager 20 neans fdmcdaldingd Q1ﬁ§99 afizme. an i nput V|deo si gnal

representing all the.pixels @ele%.cﬁwélysw&fg e @ﬁ&fauar&%ﬁldrh%f

spatial region be|n eq?d hy. sal i mager neans, each inmage frane
represented by sai & $h> S<ei ng conprised of a first given 25
nunber of pixeds; first nmeans for processing said input video S|gnal to

derive therefrom (1) a certal out | @r.es t respective
derived rel atively |OMFSpatI Wﬁ?#gﬁf é%ﬂﬁfgﬁﬁg- ' of whi ch
has a given fi el d- efthexedn tt‘dm mueﬁp(smmweia{ ﬂnwhd1mfcmzpﬁ1mdﬂ5| ve
| mage frane step of:

U selectively mov1ng the spatial position of each
10 of said windows independently of one another.

6. A method as defined in claim 3, wherein
each of said subsets is composed of said second given
number of pixels. ' o

15 ) -
7. (Subject to the foregoing'disclaimer) a
foveated electronic camera for deriving a
data-reduced video output, said camera comprising:
a high-resolution, wide field-of-view imager
20 means for deriving in real time an input video signal
| representing all the pixels of each of successive image
\/ - frames of the spatial region being viewed by said
- imager means, each image frame represented by said
input video signal being comprised of a first given
25 number of pixels;
flrst means for proce551ng said 1nput
- video signal to derive therefrom (1) a certain
'Qutput video s19nal representing respective derived
relatively low-spatial-resolution image frames each
30 of which has a given field-of-view that corresponds

to the field of each successive image frame

represented by said input video signal, each image

frame represented by said certain video signal being
comprised of a second given number of pixels smaller
-
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represented by said input video signal, each inmage franme represented
said certain video signal being conprised of a second given nunber of

pi xel s smal | er

ot her output video signal

-35- than said first given nunber, and (2) at |east

by

one

representing respective derived i nage franmes each

of which has said given field-of-view, each inmage frame represented by said
5 one ot her output video signal exhibiting a resolution equal to or
than each relatively high-spatial-resolution imge frane represented by g‘j

sai d i nput video

| ow- spati al -resol ution derived inmage 10
out put vi deo signal,

signal but larger_thgn_each relatively

ot her output video signal being conpri sed.of a nunmber of pixels that
equal to or less then said first given ﬁuﬂbef,buhdl e2geatt heassabfesecond

15 given nunber;

out put vi deo sign $5%$ %ﬂgﬁn?ﬁééﬂu%% %?P%ﬁﬁgégﬁgigéggﬁsaﬁ?Fggg ?Lage

| ess -

frame represented by said certain
and each derived image frane represented by said one

is

her

frane representemﬂétiwe@yimggeaﬁsamgsaeaphtoﬁlWhiChchastdldubseenof 20

pi xel s thereof thg

greater nunber of plxels t an éal

pld, 2l %bHdEMé éafgaﬁgb§§%r9§e§9eﬁogprééf&

Second grven

of no

ra as

defined i n cPai mame 2sthenceutputayideansignal eghpbiting aeresedution an
L€d 6§SP@§§'€ﬁaﬁ0eaER féﬂseloélfut fromsaid canera

i mage- processi ng
for deriving at
I ncl udes w ndow

| east one capera-c

and sai d second neans

ig-seapialrpesolition Tr¥SS trane, sepeRsrored: Bra

applied thereto fealaeiﬁpmtveiaeansigualhbusphargérpanahleacnf said spati al

wi ndow within the

A Ler L F) 16k 4hevd o -H DS HEEL R al PROEa" SREGES" o0 DY

said certain out
10

15

20

25

30

-video signal,

frame represented by said certain output v1deo

S

signal, and each derived image frame represented by

said one other output video signal being comprised
of a number of pixels that is equal to or less than
said first given number but larger than said second
given number; and

second means for further processing said one

other output video signal to reduce the number of
pixels of each derived image frame represented
thereby by passing a spatially-localized subset of

pixels thereof thiough.a spatial window, said subset
being comprised of no greater number of pixels than

said second given number.

8. A camera as defined in claim 7,
wherein said camera is adapted to be used with an
image-processing computer respbnsive to the video
output from said camera for deriving at least one
camera-control signal, and said Second means
includes window meane responsive to said on
camera-control signal app11ed thereto for
selectively moving the spat1a1 p051tlon of said
spatial window within the wide-field-of-view of the
derived image represented by sald certain output

_
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vi deo signal. - 36 - 9. An image data reduction nethod for use with an
I nput video signal representing a relatively high-spatial -resolution

wi de-fiel.d-of- view image that is conprised of a first given nunber 5

of pixels, said nethod conprising the steps of: detecting .
features-of-interest contained in the jpage represented by said input video
signal thereby to derive a detected Viﬁ@o‘signal representing .a
high/resolution 10 feature-of-interest inage defining substantially
solely the relative spatial positions of the pixels in the inmage area

occupi ed by those predeterm ngd fegtu f | r nt ed_by the

I nput video signal which are %f in?%r%@%?gm%%ggb$g§ﬁ$§{$ﬁd§§€3é& fo;é{pixels
of said detected vidWee® Withaanwbnputdeidee sigeabcreprésemtirgod-interest
have significant |ckglakpbdPy RIgRLEDEEIRPSIELYPLIoACOHENCEPOAALOEY W LN

respect to a zero-leyel value; and processing sal ected video srgnal to
20 derive an abkeVWuiBage.khatlgccomprbsed of ai First coiver nynker

thereof has an absopfitpikeys| saldeméthodCOoHPrLSingtEhé §eépai et ransfer

function of the significant |evel yalue of a_correspondip | xe] of said
detected video signal; and 25 geLectlng f%?%%%%%Tﬂg'%&F%reSt

absolutg-level-valueontdfnedignathe0id@géynepheseﬁt®m1Eﬁ)sai@eiﬁpmﬂ out put
having b given 11 oS rEghEl FRERERL LS Bexiudis BBt adtad Fopued ,on | MmO
i mage represented byigeall repuresentibngskghdgh-vesadluvbom represented by
of pixel s smal or tFom e O R e g S Ly o her
Ouﬁpﬂt vi deo si gnalSolely the'relaglve spatial positions of the pixels
in the image area occupied by those predetermined
features of the image represented by the input video
signal which are of interest, whereby only those
5 pixels of said detected video signal which define a
detected feature-of-interest have significant level
values of either positive or negative polarity with

respect to a zero-level value; and’

processing said detected video signal to
20 derive an absolute-level-value video signal in which
| each pixel thereof has an absolute level value in
accordance with a certain transfer function of the
significant level valué_of a corresponding pixel of
said detected video signal; and
23 o processing said absolute-level-value video
' ‘'signal to derive therefrom (1) a certain output video
signal representing a derived relatively
low-spatial-resolution image having a given
field-of-view that corresponds to the field of the
30 image represented by said input video signal, said
image represented'by said.certain output video
signal being comprised of a second given number of
pixels smaller than said first given number{ and (2)
at least one other output video signal .

* [ L L} S *



-37 - representing a derived i mage having said given field-of-view said

I mge represented by said one other output video signal exhibiting a
resolution equal to or less than said relatively 5

hi gh-spatial -resol ution i mage represented by said i nput video signal but

| arger than said relatively | owspatial-resolution derived inmge
represented by said certain output video signal, and said derived i nage
represented by said one other output 37deo 10 signal being conprise
of a nunber of pixels that is equal to or less than said first given nunber
but | arger than said second given nunber; and then further processing said
one other output video signal to reduyce the nu ls,15 of

t he derived image F%B¥%§§HFéBgtﬁe¢§5}VE9 b@§9?ggagl§ﬁagﬁé | giVBRal i zed
subset of pixels thﬂémf—ofhwuahsalapmagé nepdewen&addbyubaea baeng

conprised of no gre |xe S t ajd econd n,.aunber. 20
10. A nethod as d%€$ﬁ5dopﬁb3%a ° ﬁﬁgpgi xgébﬁtipgpao ggéégpng sai d
det ected vi deo sigequalntbudzsleabsthantsagdareéabiwelel value pi xel for

o o ngse P XohPofl B8k falekeEbide bl Inba" Lo baECh Ba  ByDBata | |

absol ute-value |l e m ned non-zero res
absol ut e- val ue Ievanpui1V1¢£Qe§hgua&sbu§f1ﬁ§§erntbﬁ§|ﬁﬁ@dorelét1WﬁéYe|n

said step of detecyy Qs%ﬁﬁi&ieﬁe%lhﬁiSheaérsl%aciﬁa@@ tg?ﬁéséhtédnﬁyl ng
object situated wt atial -regno areg o

h
represented by salﬁaiﬁpﬁ?r§F380°§FBH§IVl eo.83 %55 Saia "8er1Ve8
.image represented by said one other output video

10 signal beihg.comprised of a number of pixels that is ;)
equal to or less than said first given number but '
larger than said second given number; and

then further processing said one other
output video signal to reducelthe number of pixels

15 of the derived image represented thereby by passihg
a spatially-localized subset of pixels thereof
through a spatial window, said subset being
comprised of no greater number of pixels than sald
second given number.

20 10. A method as defined in claim 9, wherein:
. said step of processing said detected video signal
includes substituting a zero-level value pixel for W/

each of those pixels of said deteeted video signal
which have an absolute-value level below a '

25 predetermined non-zero threshold absolute-value
level. '

11. A method as defined in claim 9 or 10,

- wherein said step of detecting featu:es-of-interest

detects an image of a moving object situated within

30 the spatial-region area of the image represented by
said input video signal.

-
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12. A method as defined in claim9 or 10, wherein said step of detecting
features-of -interest detects an inmage of a predeterm ned pattern shape
object situated within the spatial-region area of the image represented by
said input video signal. 13. A nmethod as defined inclaim9 to 10, wherein
said step of detecting features-of-interest detects an inmage of an object

Krpg a predeterm ned spatial orientation situated within the

atial -regi on 10 area of the i+re3g +epresented by said i nput video
S|gnal 14. A nmethod as defined in claim9, 1, 11, 12 or 13, wherein: said
step of processing said 15 absol ut e- | evel -val ue vi deo signal includes
the step of lowpass filtering and deci mation to reduce the high resolution
and pixel density of said fi rg]t 2gi Vermetthaserapidedined imelamye or 10,

represented thereby vil'iéxté‘iﬁh | sund es%épltdpraéu&ﬁﬁ@'f g~k - é&éseéond
20 gi ven nunb égxels of thEIITE%Fi resente by sal certain

out put vi deo si gnal AR RS ferd %‘T‘%{‘rr}ﬁ ZPaWﬂé’rrblﬁi‘a%
said step of procesﬁmwlﬂmwtﬁﬂmltwlspammqggjgﬁalaﬂéwIcu_des t-he

step of casonded Io ass fllterln watl n of ,sa
absol ut e-1 evel - valued% é% qV§ﬂ%ﬁﬁ (ﬂnqqqn¥9q?9cﬁ%9Q&;1hereby

an ordinal | y-arranged group conprlsed of a 30 pl ural nunber of other

out put video signals and sai d q* e sal gld&i@@f}fﬂ c]tﬁr}("fy q%dfﬁ an

said first- other output video SI group represen
i mage exhi bi ting t h&hangimisaid @eﬁmmi)rdwqﬂngalfmﬂ%rQﬁ‘MQtést st

given nunber as the deRdfd G SIRYS GOars VY S Ui iGid W Prodd il
o/ spatial orientation situated within the spatial-region
10 area of the image represented by said input video
signal.

14. A method as defined in claim 9, 1, 11, 12
or 13, wherein: |
said step of processing said
absolute-level-value video signal includes the step of
low-pass filtering and decimation to reduce the high
resolution and pixel density of said first given '
number pixels of the image represented thereby to
the low resolution and pixel density of said second
20 . given number of pixels of the image represented by
said certain output
video signal.

15

15. A method as defined in claim 14,
wherein: .

25 ' said step of processing said absolute-level-value
video signal includes the step of cascaded low-pass
filtering and decimation of said absolute-level-value
video signal a given number of times to derive
thereby an ordinally-arranged group cdmpriséd of a

30 plural number of other output video signals and said

' certain output video signal, in which (a) said first

other output video signal in said group represents

' * ¢ L M S§ =



signal, (b) each other output video signal except 5 said first other
out put video signal in said group represents an i mage exhibiting a | ower
resolution and pixel density than the inage represented by its imrediately
precedi ng other output video signal in said group,- and (c) said last other

out put video 10 signal .in said group represents an i mage exhi biting a
hi gher resol ution and pi xel density 88anm the | ow resol ution and pi xel "
density of said second given nunber of the inmage represented by said e
certain output video signal; and 15 said further

processi ng step includes the step. of further processing_each of said pIuraI
number of “said otaRrimagpuexhibd 1§ggﬁﬁﬁsSGPeSHFQhQFSEglﬁ§1B§s§P fg a

spatial l'y-locali ssﬂxéybaehsﬂéypbfehalaf fibst given Auinbel asdeneSI gnal
through its 15 own seggra e subs ts being

conprised of no giBagerreR ﬁFnBFapEXeﬁelﬁLaﬂseane'EEXﬁ& 3Bﬁ Kﬁ 8. 16.
A nmet hod as deflneﬂgnalcl mlééchmbEhernouﬁﬁut v1deacblqhaiaexcnpudoms S

T 2 o hEh1 B Ei L "B hOE SLER t%mgbsg&gﬁa&gla LEL AL GYBly busy

i rage derived froﬁ? nal certarn-vi deo
out put si gnal andréﬁresentssand1paqeaethbb§in§faoﬂﬁvﬁroﬁﬁﬁeﬂu#iego si gnal s

after said furtheg, giﬁé 'HQnEF.ESregfuahotﬁ%' @ﬁhg&eképmgan%eadb REaws to

| ocal i ze the spatla osition o feature-of interest
in said di spl ayedinnedinked¥ EﬁécﬁﬁéﬁgtBtBEHeP&FButh&ééer&&HEé ABrewith a
N\ feature spatial pQéhH'éBouﬁglﬁﬁHOKCSYQEQH lageootherabutpat #ddegnates said

|ocal zeq,spati ol fosul! O, ad SURLEY LR ERRed O hnlod LA
‘ a hlgher resolution and pixel density than the low o/
resolution and pixel density of said second given
number of the imagé represented by said certain
output video signal; and
15 said further processing step includes
the step of further processing each of said plural
number of said other output video signals of said
group by'paséing'a spatially-localised subset of
pixels of that other output video signal through its
15 own separate spatial window, each of said subsets
being comprised of no greater number of pixels than
said second given number.

'16. A method as defined in claim 15,
wherein:
20 each of said windows is movable and further
including the steps of:

displaying a relatively busy image derived from
said input video signal,
employlng said certain v1deo output 51gna1 and
25 . said plural number of other output video signals after
said further processing thereof to selectively move said
windows to localize the spatial'position of a detected
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| ocal i sed spatial position occupied by a detected feature-of-interest in
t he displayed busy imge. 17. A foveated electronic canera for. deriving 10
a dat a-reduced video output, said canera conprising: a high-resolution
wi de field-of-viewinager neans for deriving in real tine an input video
signal representing all the pixels of .egqgh-of successive inmage franmes of
hQﬁzpatial regi on being 15 vi ewed by said i nrage neans, each inmage
a represented by.said input video signal being conprised of a first
gi ven nunber of pixels; a feature-of-interest detector for detecting
f eat ures- of -i nt er est featureref intelresitrdpe saddr ds.epl.la@jreBObusy lmb.yesahd

t d | b d d t
e esol ot on feat SRERoES! SeBBEAKS, 308 bRk AlnLE EheRedith. o Foatide, "Phe
relative positions oSPBhéaélP@BitnnnthadinaGOraswmbodc&pded Byghhdsthat '
predeterm ned featurgagdgnates s@ Q%SEFRQ% %@%%igﬂtggs$¥lbge pput video

si gnal whichgare of interest, e xel sard detect ed
vi deo si gnal “which define a deF@P@@UlpéaFé §Ymbﬁﬁeﬁééﬁoh§9§n§ﬂgﬁpflcant

| evel val ues of EIthEEJ.pEQS.m bge ar daegahyvafpehaal tsymbbtlhalte%aect to 30
a zero-level value; @IXE ol ut & ue transfer- functlgy 392 g
processi ng sai d det ecPER F& Sﬁ& POS3EAPD OSAURAEG B¥e2 ectafue
vi deo signal in whiclfeatarepofelinterestl inathendisplayed basyllmabae in
-41- accordance with a certain transfer function of the significant |evel

val ue of a correspondi ng pixel of said detected video signal; and first
means for processing said 5 .= 17.abdofoveatedeckelegtuonicgramere fori deriving

therefrom ( llgmfscg{ ‘el gxsggapga}ﬁgbée%absnahtb%r €239 BAmeAPBEhpYSsifk;ved
y P a high-resolution, wide field-of-view

-imager means for dériving in real time an input
video signal representing all the pixels of each of
successive image frames of the spatial region being
viewed'by said image means, each image frame
represented by said input video signal being
comp:ised of a first given number of pixels;

15

a feature-of-interest detector for detecting

_ features-of-interest contained in the image represented

20 by said input video signal thereby to derive a
| ~detected video signal representing a high-resolution
feature~of-interest image defining substantially
(N _ solely the relative positions of the pixels in the
imagé'area occupied by those predetermined features
25 of the image represented by the input video signal
which'are_of interest, whereby only those pixels of
said detected video signal which define a detected
feature-of-interest have significant level values of
either positlve or negatlve-polarity with respect to
a zero-level value,

" pixel absolute value transfer-function means
for processing said detected video s1gnal to derive
_an absolute-level-value video signal in which each '
pixel thereof has an absolute level value in

T
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I mage franmes each of which has a given field-of-view that corresponds to
the field of each successive 10 I mge frane represented by said input
vi deo signal, each image frane represented by said certain video signal
bei ng conpri sed of a second given nunber of pixels smaller than said first
gi ven nunber, and (2) at |east one other output video signal representlng
15 respectlve derived i mage fraggs-each of which has said given
field-of-view, each inage frame represented by said one other output vide
signal exhibiting a resolution equal to or |ess than each relatively

hi gh-spati al -resol ution i mage frane 20 | represented by said input
video signal but |lacgerdahce wath aetertaihytransfeant Eahetideonl afi on derived

oage frame [ePresehlodiBiPRbdnEibobl QULRL! o¥! d°BoRkERBLadRg. Sa0h
erived image frang Tepresen one ot ner out pu i gnal being
conprised 25 pixe ﬂﬁnﬁéidoﬂeﬁﬁﬁﬁﬁé Vhé@°|§l€qééb @Bdor | ess than said

first given nunber but Iargeflgggnmgahg §g§03gogéggmngu§aga and second
means for Eurther proceSS|n

Ee ot her ga 5l g ? to rgduce

t he number~30 abgplytes §VG '83 Heq sigha é@rFVﬁnﬁ pEpfEomn{d

t hereby by paSSlngaacéﬁeaiﬁlbutbﬁeabnded siignal eéppesehsinhger eof through a
spatial w ndow, said subse

t han said second gF?%ﬂeﬁgﬁgg gveazgeigﬁgvgiyngﬁgrggégiagf?§§ ﬁ%'gﬁgfhf

17 wherein the flrsmageaﬁrameSpeaehsoﬁ whichabascengéveni fheld-of-view
Ul tee! ool ™o PUhRE doiBalpohn ORRESF181A%0 ahst! i hBcbgyyeval ue

video signal to derive respec ven p ura out put
vi deo si ghll s incl image ﬁaamec§§P§PﬁeBE§§uPYVF§é€ GP§H§IVéﬁG°s§F6né e ot her

output video signabach9imégeafPhiedtegebbbfitednby! 8hlléeftain video W/

signal being comprised of a second given number of
pixels smaller than said first given number, and (2)
at least one other output video signal representing

15 _respective'derived image frames each of which has
said given field-of-view, each image frame
represented by said one other output video signal
exhibiting a resolution equal to or less than each
relatively high-spatial-resolution image frame

20 represented by said input video signal but larger
than each relatively low-spatial-resolution derived
image frame represented by said certain output video
signal, and each derived image frame represented by \;)
said one other output video signal being comprised

25 of a number of pixels that is equal to or less than
said first given number but larger than said second
given number; and ' |

second means for further proceSSLng said

one other output v1deo signal to reduce the number

30 of pixels of each derived image frame represented
thereby by passing a spatially-localised subset of
pixels thereof through a spatial window, said subset
being .comprised of no greater number of pixels than

- said second given number.
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18, wherein: 10 sai d pi xel absolute value transfer-function
nmeans i ncl udes substituting a zero-level value pixel for each of those

pi xel s of said detected video signal which have an absol ute-val ue | evel

bel ow a predeterm ned 15 non-zero threshol d absol ute-val ue | evel. 20.
A canera as defined in claim17, 18 or 429-wherein sai d feature-of-interest
detector is conprised of a noving-object detector for detecting a noving
oﬁ}eét situated within the spatial-region 20 area of the inage '_
represented by said input vid si%gal. 21. A %% ra as defined g

17, 18 or 19, wherein said feafur ePoFAMTEE &5 A0 S185M0 L sé’ e&elg
pattern-shape detecthe fdrstemeansngofibrises aa lpwegalss' convdlottioar n shape

object siiuet <0 b iy Sy SHARY FRally i LERARAARCSgCY Y

came inc
wherein said featurab@blumloyelcmad@xeownd@os@lgnal tmdpms'@drsspmtlvely
oriented filxer for 4 dﬂﬁ?ﬂ% vﬁ%ﬁbﬂgl na1808he il &
spatial orientation S|tuate W t |n the spa i al.-region gﬁea of the |ng§e

represented by sai dSedgucertad® suspnt videonsignal, apd gadd,ene RtRS¥ one

of 5 .- clains 17 cupidt wWildeiceisignaild first processing nmean includes a
vi deo signal source for deriving a digitized video signal input to said

feature-of-interest detector, said video signal source including a selector
switch 10 for deriving 48.d & gameradas dedineghdn fladms ai7d oanput
video signal in one mﬁt&&gﬁ;itjon of said selector switch and for

recursively deriving dai i'zed video signal fromthe video output from
10 said pixel absolute value

N\ ' transfer-function means includes substituting a
zero-level value pixel for each of those pixels of
said detected video signal which have an )
absolute-value level below a ptedetermined

15 - non-zero threshold absolute-value level.

20; A camera as defined in claim 17, 18
or 19 wherein said feature-of-interest detector is
comprised of a moving-object detector for detecting
a moving object situated within the spatial-region

20 area of the image represented by said input video
~ signal.

21. A camera as defined in claim 17, 18
or 19, wherein said feature-of-interest detector is
comprised of a pattern-shape detector for detecting

25 . a prédetermined-pattern shape object situated within
the spatiai-region.area of the image represented by
said input video signal.'

22. A éamera as defined in claim 17, 18
or 19, wherein said feature-of-interest detector is
30 comprised of an oriented filter for detecting an
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said canmera in another switch position of said 15 detector sw tch.

24. A canera as defined in any one of clains 17 to 23, wherein said canera
is adapted to be used with an inmmge-processing conmputer responsive to the

vi deo out put fromsaid camera for deriving 20 canera-control signals;
and sai d second neans conprises w ndow means for further processi ng each
separ ate ot her output video signal Lot ained in said given plurality of

out put video signals fromsaid convolUtion 25 filter/deci mator \w
pyram d neans by passing a spatially-localized subset of pixels of that
separate other output video signal through its own separate novabl e spati al

wi ndow, each of saj ? Halv3 ridf ia prediitidrifihed arﬁatc&rléawmroxpf 30
pi xel s than said se nt@%l ven nunb , and - 44 - said vc\gf neans
i ncl udes nmeans r eSFEHATRA Wt R alnreian Ared; é"j’r?eﬂé“a&?ntrol

signal s for sel ecirepieseed dit Inispainpnit nasido wigfaleach of said novabl e
w ndows 5 within the field of the image represented by said certain
vi deo out put signal. 25. A canera as defined in claim24, wherein said
canera is adapted to be use®3wi t A diamgra asdlef ined ciinsrﬂniyim ®F el atively

busy image; 10 8&3(12'{% \ie,d tfdr% Saibrdideo input signal; and said conputer

I n response to vi put si gn s passed by said m)vabl e W ndows
respectively derives each ofsaisl £ixgtaRAEGCASAING MIAR chnc;'s!-}‘%ﬁﬁalas to

Sg!SIGtC;[ Io\rllelo?‘/ gn\d/gt ect eéyv:‘ ed retég‘% Ifraf )aeITrn'ivS:.ngd.ad: ﬂm%hﬁwtlal nd
.Pn accordance t hersdgnai dé}é%%t‘?%gsa;- ef:ﬁq}?"bres' ﬁ%ﬁ%‘%’ ‘gerf' U‘H%/ﬁ I rr;ag(ra :
synmbol superi nposei i@ vitReo signal source :mcluding a selector switch -
10 for deriving said digitized video signal from said \/
input video signal in one switch position of said
selector switch and for recursively deriving said
digitized video signal from the video output from
said camera in another switch pos:.t10n of said
15 detector switch.

24. A camera as defined in any one of
claims 17 to 23, wherein said camera is adapted to
be used with an image-processing computer responsive
to the video output from said;camera for deriving

20 camera-control signals; and

said second means comprises window means k;)
for further processing each separate .other output
video signal contained in said given plurality of
output video signals from said convolution '

25 ' filter/decimator pyramid means by passing a
spatially-localized subset of pixels of that
separate other output video signal through its own
separate movable spatial window, each of said

_ subsets being comprised of no greater number of

30 pixels than said second given number, and
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| ocal i zed spatial position occupied by a detected 20

feature-of-interest in the displayed busy image. 26. A canera as defined in
cl aim 24, wherein each of said subsets is conposed of said second given
nunber of pixels. 27. A canera as defined in claim?24, 25 25 or 26
wherein said second neans further ine uless nenory neans for storing both
sai d,second given nunber of pixels formng the subset fromeach of said
nowabl e wi ndows and sai d second gi ven nunber of pixels fromsaid | ast band
of said group; and 30 sel ector switch neans responsive to
a canmera-control signal appli &ithstiadow sreans daialusies means di ng t he

stored second givenfggggq | el y one of
t he subsets or said |ast 51 Rﬂd‘?gﬁ:&x &%3"2 sas Sﬁ@}%egﬁotl#]ﬁft) frgm sai d
caneras. 5 28. An i %@m@% igmaks foF salastd ¥Rl Wll%d:t &i deo
3\; gga} rfgr esenting s}:artﬁ.a?.t lptﬁi&tlmrgbﬁlﬁdtﬂ:cof fd}.dﬂmdifable w:.r?tc)iows

ield-af -view i & r af a fir i Vv er
pi xel s, 10 sal d net M %ﬁt%ésﬁ:g}% ag earfeﬁg)'zq%?d&tsr#; ‘72{
frequency spectrum ferttain neigieo eutmadntsddyral sai d i nput vi deo S|gnal to
derive a pyram d of Gaussian i nages represented by a plural nunber of
separate video output signals that 15 together represent an

ordi nal | y-arranged group of | (iﬁ-pas”s camense @S daffined dn eHedms 24, al

frequency spectrum Hé}iéﬂ? éﬂ@q@u&déﬁt{e& r&ﬂw%éa‘ LT
successi ve subspectr omer per cut-off fre uen%y of its
i mredi ately precedi f4 aé[ll?ﬁ?é’!ﬁ rfd?ﬁ WHEREF¥LnR )2 neid q-'1 398 of

sai d group Hxhibits g3tidrde! Pidny daidiviiliedalnimit signal; and
N~ said computer in response to video output

signals passed by said movable windows respectively
derives each of said separate camera-control signals
to selectively move said windows to spatially

15 . localize the spatial position of a detected
feature-of-interest in said displayed busy image and
in accordance therewith generating a feature spatial
position-indicator symbol superimposed on the
localized spatial position occupied by a detected

20 feature-of-interest in the displayed busy image.

26. A camera as defined in claim 24,
K,/ 'wherein each of said subsets is composed of said
second given number of pixels.

27. A camera as defined in claim 24, 25
25 for 26 wherein said second means further includes:

' memory means for storing both said second
given number of pixels forming the subset from each
of said movable windows and said second given number
of pixels from said last band of said group; and

30 - ' ‘selector switch means responsive to a
camera-control signal applied thereto for selectively
forwarding the stored second given number of pixels
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25

resolution and is conprised of said first given nunber

of -pixels, and (b) each ot her. subspectrum of said group 30

exhibits alo

wer spatial resolution and a snaller

i mmedi atel y preceding subspectrun1of%%§|d group, whereby said | ast

subspectrum of said group.is conpris

nunmber of pixels which is the | owest nunber of pixels in any of said

subspectrum O&oﬁgeépahauag wso1e1&6oneed1fclﬁm Tubseitee oxf safig field of
; b§ ne subspec a|d %P§%¥ assing a
Frofa 84 e SF 5%%@%& rough: a

Vi ew represen
spati al | y-1 ocaf

spati al mﬁndosaidacdmérassubset bei ng conprlsed of no greater nunber

pi xel s than said second gi ven nunber.

a dat a-reduce

wi de fiel8-of-view image neans for deriving in.rea

d video output,

of

nunber of pixels than |ts

of a second given

o/

29. An electronic canera for deriving

sai d canmera conprising: a 10 high-resolution

time a first video

signal represent- ing ablg thwlimlg% dat@ He et fiethed |ft&g@sfé ames of

the spatial r

the spatial fWekBeABy

egi on being vie

d

e e@fy salq”ﬁ%,ge meags 15 @ﬁ@&eﬁy 22:5“ yzi ng

first video shggﬁstatﬂanpwes@nﬁﬁiwm;dwwﬁﬁ?ﬁtyﬁ$ﬁmfyiﬂﬁ?aggagmepresented b{
a represen
52 B, S0k = e Bl g BERe1E, " °F

f r equencyiepesaidmmeithiod: Icanmrd.ainwttlm‘ istepsqwdiscy of each SUCCESSI ve

a plural of n
an ordinally-

subspectrum | ower 25 t hap 4% sWAP et Wpatiifa 1l 'BURRNEP spdct TR ately

15

20

25

30

35

ARRE 480 B 2o

the image represented by said input video signal to
-derive a pyramid of Gaussian images represented by a
plural number of separate video output signals that
together represent an ordinally-arranged group of
low-pass subspectra of said image spatial frequency
spectrum with the nominal uppercut-off frequency of
each successive subspéctrum lower than the upper
cut-off frequency of its immediately preceding
subspectrum whereins: :

( a~)

(b)

the first-éuhspectrum of said group
exhibits said relatively high spatial
resolution and is éomprised of said
first given number of pixels, and

each other subspectrum of said group

exhibits a lower spatial resolution

. and a smaller number of pixels than

its immediately preceding subspectrum
of said group, whereby said last
subspectrum of said group is comprised
of a second given number of pixels
which is the lowest number of pixels
in any of said subspectrum of said

group; and
x - C L M H *
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ﬁrecedi ng subspectrum wherein: (a) the first subspectrumof said group 30
exhibits said relatively high spatial resolution.and is conprised of said

first given nunber of pixels, and 35 (b) each other subspectrum
of said group exhibits a | ower spatial resdleuti on and a smal |l er nunber of

pi xel s than -47- its imediately preceding subspectrun1of sai d group,
whﬁégby sai d | ast' subspect rrgayimdithdS34e icF E%;ond gi ven
nu r of 5 tgf(els which I s E owes

pixel's in any of repreasRret &y atorleas sﬁﬂ?ﬁﬁ%@h@ﬁ‘ @amdemum t he

size of the fiel (b:bfpassémg @rﬂmﬁmm&aﬂiﬁﬂ suh%ewl&so l¥eiy f¢ sai d

10 group by lﬁ@ﬂ;l l,ocal i zed su of .pi els of, that one
subspectrum t hr oug a sSp atla Wi mf'l"%' t@% gé.h Wﬁ%"ﬁ%é& no

greater nunbér 015%5&41 @etimm acaipt ised of g:wgreatdxemunﬁ:@rt e Plikedeyive
sai d vi deo ‘out pulehaOBa3A %é‘c%lﬁ% v&% . 30. An inmage data
a aptéﬂ&¥%r It '

reducti on nethod, or canera syste substantially as
~hereinbefore described with reference to: Figures 1 and 6 optionally

together with Figure 3 or 3. an%p@l\adtli-ota%wegﬁ\teﬁ;%%&?ﬁ/e?ig?_nggf atng/or
E: 83;2571 and 6ad%%a -reduc e%t v(iﬁa %.?: %rai\g camelrauc%mprising- a
10 high-resolution, wide field-of-view image means for .
deriving in real time a first video signal represent-
ing all the pixels of each of successive image frames
of the spatial region being viewed by said image
- means,
15

means for analyzing the spatial frequency

spectrum of each image frame represented by said
first video signal to derive a_pyramid of Gaussian

20 images represented by a plural:of number of separate
video output signals that together represent an
ordinally-arranged group of low-pass subspectra of
that spatial frequency spectrum with the upper cut
off frequency of each successive subspectrum lower

_ 25 than the upper cut off frequency of its immediately

U preceding subspectrum wherein:

(a) the first subspectrum of said group
30 . exhibits said relatively high spatial
resolution and is comprised of said
first given number of pixels, and

35 | (b) each other subspectrum of said group
' exhibits a lower spatial resolution
and a smaller number of pixels than

-
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its immediately preceding subspectrum
of said group, whereby said last
subspectrum of said group is
comprised of a second given number of
pixels which is the lowest number of
pixels in any of said subspectra of
said group; and

'means_for reducing the size of the field of
view represented by at least one subspectrum of said
group by passing a spatiall?-localized subset of '
pixels of that one subspéct%um through a spatial

-window, said subset being cémprised of no greater

number of pixels than said second given number, to
thereby derive said video output from said camera.

30. An image data reduction method, or
camera system adapted for it, substantially as
hereinbefore described with reference to: Figures 1
and 6 optionally together with Figure 3 or 3a and/or
with Figures 7, 8 and/or 9; or to Figures 1 and 6a
optionally together with Figure 3 or 3a and/or
Figure 7.
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